Electronic Version 
Stylesheet Version vl.1.1 

Description 

Extra-corporeal Dual Stage Blood 
Processing Method and Apparatus 

Cross Reference to Related Applications 

[0001] This case is a divisional of U.S. Patent Application No. 

09/803,304, filed March 9, 2001, incorporated herein by 
reference, which claims the benefit of U.S. Provisional 
Patent Application No. 60/188133 filed March 09, 2000. 
Background of Invention 

[0002] one type of extra-corporeal blood processing is an 

apheresis procedure in which blood is removed from a 
donor or patient (hereafter, donor/patient), directed to a 
blood component separation device (e.g., centrifuge), and 
separated into various blood component types (e.g, red 
blood cells, white blood cells, platelets, plasma) for col- 
lection and/or therapeutic purposes. One or more of these 
blood component types are collected (e.g, for therapeutic 
transfusion purposes), while the remainder are preferably 
returned to the donor or donor/patient. 



[0003] a number of factors may affect the commercial viability of 
an apheresis system. One factor relates to the operator of 
the system, specifically the time and/or expertise required 
of an individual to prepare and operate the apheresis sys- 
tem. For instance, reducing the time required by the oper- 
ator to load and unload the disposables, as well as the 
complexity of these actions, can increase productivity 
and/or reduce the potential for operator error. Moreover, 
reducing the dependency of the system on the operator 
may lead to reductions in operator errors and/or to re- 
ductions in the credentials desired/ required for the oper- 
ators of these systems. 

[0004] Donor-related factors may also impact the commercial vi- 
ability of an apheresis system and include donor conve- 
nience and donor comfort. For instance, donors typically 
have a limited amount of time which may be committed to 
visiting a blood component collection facility for a dona- 
tion. Consequently, once at the collection facility the 
amount of the donor's time which is actually spent col- 
lecting blood components is another factor which should 
be considered. This also relates to donor comfort in that 
many view the actual collection procedure as being some- 
what discomforting in that at least one and sometimes 



two access needles are disposed in the donor throughout 
the procedure. 

[0005] Performance-related factors continue to affect the com- 
mercial viability of an apheresis system. Performance may 
be judged in terms of the "collection efficiency" of the 
apheresis system, which may in turn reduce the amount of 
donation time and thus increase donor convenience. The 
"collection efficiency" of a system may of course be 
gauged in a variety of ways, such as by the amount of a 
particular blood component type which is collected in re- 
lation to the quantity of this blood component type which 
passes through the apheresis system. Performance may 
also be evaluated based upon the effect which the 
apheresis procedure has on the various blood component 
types. For instance, it is desirable to minimize the adverse 
effects on the blood component types as a result of the 
apheresis procedure (e.g., reduce platelet activation). 
Summary of Invention 

[0006] The present invention generally relates to extra-corporeal 
blood processing. Since each of the various aspects of the 
present invention may be incorporated into an apheresis 
system (e.g, whether for blood component collection in 
which "healthy" cells and/or plasma are removed from the 



blood or for therapeutic purposes in which "unhealthy" 
cells and/or plasma are removed from the blood), the 
present invention will be described in relation to this par- 
ticular application. However, at least certain of the aspects 
of the present invention may be suited for other extra- 
corporeal blood processing applications and such are also 
within the scope of the present invention. 
[0007] a typical apheresis system which may embody one or 

more aspects of the present invention would generally in- 
clude a blood component separation device; for example, 
a membrane-based separation device and/or, a rotatable 
centrifuge element, such as a rotor, which provides the 
forces required to separate blood into its various blood 
component types (e.g., red blood cells, white blood cells, 
platelets, and/or plasma). In one preferred embodiment, 
the separation device includes a channel which receives a 
blood processing vessel. Typically, a healthy human donor 
or a donor/patient suffering from some type of illness 
(collectively referred to here as a donor/patient) is fluidly 
interconnected with the blood processing vessel by an ex- 
tra-corporeal tubing circuit, and preferably the blood pro- 
cessing vessel and extra-corporeal tubing circuit collec- 
tively define a closed, sterile system. When the fluid inter- 



connection is established, blood may be extracted from 
the donor/patient and directed to the blood component 
separation device such that at least one type of blood 
component may be separated and removed from the 
blood, either for collection or for therapy. 
[0008] when the blood processing vessel is loaded into the chan- 
nel, the blood processing vessel and most of the tubing 
lines must be primed. In this regard, an aspect of the 
present invention relates to priming these elements, 
preferably with blood. A channel associated with a channel 
housing, which is rotatably interconnected with a cen- 
trifuge rotor, preferably includes a first cell separation 
stage. The channel extends generally curvilinearly about a 
rotational axis of the channel housing in a first direction. 
The channel preferably includes, progressing in the first 
direction, the first cell separation stage, a red blood cell 
dam, a platelet and/or a plasma collection area, and an 
interface control region for controlling a radial position of 
at least one interface between red blood cells (RBCs) and 
an adjacent blood component type(s) (e.g., plasma and/or 
a buffy coat of white blood cells (WBCs), lymphocytes, and 
platelets). Blood introduced into the channel is separated 
into layers of red blood cells (and/or a buffy coat gener- 



ally including white blood cells and platelets), and plasma 
in the first cell separation stage. Preferably, throughout an 
RBC/plasma apheresis procedure (e.g., a non-platelet 
procedure) and including the priming of the blood pro- 
cessing vessel, only separated plasma flows beyond the 
red blood cell dam where the plasma may be removed 
from the channel in the plasma collection area. This is 
provided by an interface control mechanism which is dis- 
posed in the interface control region of the channel and 
which maintains the position of the interface between 
separated red blood cells and the plasma such that this 
condition is maintained. Note, the buffy coat (platelets 
and WBCs) is also preferably kept behind the RBC dam in 
the RBC/plasma collection procedures. In this embodi- 
ment, the buffy coat is generally collected with the RBCs 
and may be either later filtered out (e.g., the WBCs by 
leukoreduction filtration) or left in the RBC product (the 
platelets). 

[0009] Although the term "blood prime" may be subject to a vari- 
ety of characterizations, in each case described herein, 
blood is the first fluid introduced into the blood process- 
ing vessel. One characterization of the blood prime is that 
separated plasma is provided to the interface control re- 



gion before any separated red blood cells would ever flow 
beyond the red blood cell dam into the plasma collection 
area. Preferably, no RBCs ever flow over the RBC dam. An- 
other characterization is that blood and/or blood compo- 
nent types occupy the entire fluid-containing volume of 
the blood processing vessel before any separated red 
blood cells would flow beyond the red blood cell dam into 
the plasma collection area. 
[0010] a further aspect of the present invention relates to blood 
priming an apheresis system which includes a channel 
housing having a blood processing channel associated 
therewith, a blood processing vessel disposed in the 
channel and which has a blood inlet port and a red blood 
cell (RBC) outlet port which also acts as an interface con- 
trol port. The RBC/interface control port is used to control 
the radial position of at least one interface between sepa- 
rated red blood cells and a blood component type(s), here 
preferably plasma, disposed adjacent the separated red 
blood cells. 

[001 1] Another aspect of the present invention relates to the 

RBC/control port which assists in automatically controlling 
(i.e., without operator action) the location of an interface 
between the separated red blood cells and the separated 



plasma relative to a red blood cell dam in the processing 
vessel. The red blood cell dam restricts the flow of sepa- 
rated red blood cells to a plasma collect port. The RBC/ 
control port extends through the blood processing vessel 
and removes plasma and red blood cells as required in or- 
der to reduce the potential for red blood cells flowing 
"over" the red blood cell dam to the plasma collect port. 
The capability of "selective" removal of red blood cells 
from the blood processing vessel through the RBC/control 
port is based at least in part upon its position within the 
channel. That is, the automatic control provided at least in 
part by the control port is predicated upon the control 
port assuming a predetermined radial position within the 
channel. In order to facilitate achieving this predetermined 
radial position within the channel, the disposition of the 
control port is provided independently of the thickness of 
the blood processing vessel. Specifically, the position of 
the control port is not dependent upon the thickness of 
the materials which form the blood processing vessel. 
[0012] Another aspect of the present invention relates to a pack- 
ing factor associated with the separated blood component 
types in a separation stage of the blood processing vessel. 
The packing factor is a number which reflects the degree 



with which the blood component types are "packed to- 
gether" in the separation stage and is dependent at least 
upon the rotational speed of the channel housing and the 
flow rate into the blood processing vessel. The packing 
factor may be characterized as a dimensionless "density" 
of sorts of the respective blood component type in the re- 
spective separation stage. One embodiment of this aspect 
is a method which includes the steps of rotating the chan- 
nel housing, providing a flow to the blood processing ves- 
sel in the channel housing (e.g., the flow includes blood 
and typically anticoagulant as well), separating the blood 
into a plurality of blood component types, and adjusting 
the rotational speed of the channel housing based upon a 
certain change in the flow rate. Since the packing factor is 
dependent upon the rotational speed of the channel 
housing and the flow rate into the blood processing ves- 
sel, the methodology of this aspect may be used to main- 
tain a substantially constant and predetermined packing 
factor. In this regard, preferably the packing factor is 
maintained between about 11 and about 15, and prefer- 
ably about for collection of RBCs alone and preferably 
about 16 for collection of RBCs contemporaneously with 
plasma. 



[0013] a further aspect of the present invention relates to the 

extracorporeal collection of both or either plasma and red 
blood cells utilizing the same blood processing vessel. 
More particularly, such a method includes flowing blood 
from a donor/patient to a blood processing vessel and 
separating plasma from the blood within the blood pro- 
cessing vessel. At least a portion of the plasma is col- 
lected in a collection reservoir that is separate from the 
blood processing vessel. Further, such a method may in- 
clude separating red blood cells from the blood within the 
blood processing vessel and collecting at least a portion 
of the separated red blood cells within a red blood cell 
collection reservoir that is also separate from blood pro- 
cessing vessel. In one approach, the collection of plasma 
and red blood cells may be advantageously completed 
contemporaneously, although they may also be collected 
during separate time periods. For example, plasma collec- 
tion may be completed prior to red blood cell collection. 
Alternatively, red blood cell collection may precede 
plasma collection. Note, in a continuous apheresis pro- 
cess, the steps of separating and collecting may be per- 
formed substantially simultaneously. 

[0014] | n conjunction with this aspect of the present invention, 



and prior to the step of collecting red blood cells, the 
method may further include a set-up phase during which 
a desired packing factor is established within the sepa- 
rated red blood cells in the blood processing vessel and a 
desired AC ratio may be established. Preferably, such a 
packing factor is established to be between about 11 and 
21, and most preferably at about 13 for collection of RBCs 
alone and 16 for collection of RBCs contemporaneously 
with plasma. Further, it is preferable that the AC ratio be 
established to be between about 6 and 16, and most 
preferably at about 8. The method may further include re- 
moving blood from a donor/patient and returning uncol- 
lected components of the blood to the donor/patient via 
use of a single needle. Such removing and returning steps 
may be alternately and repeatedly carried out during 
blood processing, including during the set-up and collec- 
tion phases for red blood cell collection. If the collection 
of plasma alone is desired, the method may further in- 
clude separating plasma from the blood within the blood 
processing vessel and collecting at least a portion of the 
separated plasma in a separate plasma collection reser- 
voir. Most preferably, plasma separation/collection may 
be completed contemporaneous with the separation/col- 



lection of RBCs. Alternatively or additionally, plasma sepa- 
ration/collection may be completed before or after the 
separation/collection of RBCs. The use of a replacement 
fluid is also contemplated during collection and/or may 
be used in a substantially continuous (including cycled for 
single needle draw/return alternating applications) or in a 
bolus form. 

[0015] Moreover, another aspect of the present invention in- 
volves the presentation of versatility in providing virtually 
any option for the collection of red blood cell, plasma 
and/or platelet products. More specifically, the present 
system can be operated such at that upon input of the 
donor characteristics (e.g., height, weight, hematocrit and 
platelet pre-count) the present system will return a list 
optional donations this particular donor can provide. For 
example, with a sufficient total blood volume (calculated 
by the body height and weight, e.g.) and hematocrit and 
platelet pre-count, a donor can produce possibly several 
alternate and/or a plurality of products; and, the system 
can determine not only how many and what combinations 
of products this donor can donate, but also what might be 
preferred or prioritized by the blood center. A sufficiently 
large donor may produce one or more red blood cell 



products and one or more plasma products and/or one or 
more platelet products. Many variations of product com- 
binations may now be realized. Different tubing and bag 
set options are also preferably presented for such alterna- 
tive collection procedures. 
[0016] These and other features of the present invention will be 
made manifest by the detailed description and the at- 
tached drawings which are intended to be read in con- 
junction with each other as set forth below. 
Brief Description of Drawings 

[0017] pig. 1 is an isometric view of one embodiment of an 
apheresis system according to the present invention; 

[0018] pigs. 2A-2B illustrate an alternative extracorporeal tubing 
circuit and cassette assembly thereof for use in the sys- 
tem of Fig. 1; 

[0019] Figs. 2C-2D illustrate another alternative extracorporeal 
tubing circuit and cassette assembly thereof for use in the 
system of Fig. 1; 

[0020] Fig. 3 is a front view of a pump/valve/sensor assembly for 
the system of Fig. 1; 

[0021] Figs. 4A-4B are cross-sectional side views of first and 
second pressure sensing modules of the extracorporeal 
tubing circuit of Figs. 2A-2D coupled with corresponding 



pressure sensors of the pump/valve/sensor assembly of 
Figs. 1 and 3; 

[0022] pig. 5 is a cross-sectional side view of the upper and 

lower ultrasound sensors of the pump/valve/sensor as- 
sembly of Fig. 3 coupled with a reservoir of the cassette 
assembly of the extracorporeal tubing circuit of Figs. 
2A-2D; 

[0023] pig. 6 is a cross-sectional side view of a platelet divert or 
replacement fluid introduction valve subassembly of the 
pump/valve/sensor assembly of Fig. 3; 

[0024] Fig. 7 illustrates a loading assembly for a cassette mount- 
ing plate of the pump/valve/sensor assembly of Fig. 3; 

[0025] Fig. 8A is an exploded, isometric view of the channel as- 
sembly from the system of Fig. 1 together with a vessel 
such as that shown in Figs. 2A-2B; 

[0026] Fig. 8B is an exploded, isometric view of a channel assem- 
bly as from the system of Fig. 1 together with the vessel 
of Figs. 2C-2D; 

[0027] Figs. 9A-9B are top views of the channel housing from the 

channel assembly of Fig. 
[0028] Fig. 10 is a cross-sectional view taken along line 10-10 of 

Fig. 9A; 

[0029] Fig. 11A is a cutaway, isometric view of the platelet collect 



well region of the channel housing of Fig. 8A; 
[0030] pig. 1 IB is a lateral cutaway view, looking upwardly of the 
platelet collect well region of the channel housing of Fig. 
8A; 

[0031] pig. 12 is a cross-sectional view of the channel housing 
taken along line 12-12 in Fig. 

[0032] Fig. 13 is a cross-sectional view of the channel housing 
taken along line 13-13 in Fig. 

[0033] Fig. 14A is a top view of the blood inlet port slot, the RBC 
outlet slot, and the control port slot on the channel hous- 
ing of Fig. 8A; 

[0034] Fig. 14B is a cutaway, isometric view of the whole blood 

inlet port slot region of the channel housing of Fig. 8A; 
[0035] Fig. 14C is a cutaway, isometric view of the control port 

slot region of the channel housing of Fig. 8A; 
[0036] Fig. 15 is a top view of the channel of Fig. 8A illustrating a 

ratio of the plasma volume to the red blood cell volume; 
[0037] Fig. 16 is an isometric view of the blood processing vessel 

of the channel assembly of Fig. 8A in a disassembled 

state; 

[0038] Fig. 17 is a cross-sectional view of the blood processing 

vessel at the interconnection; 
[0039] Fig. 18 is cross-sectional view of the blood processing 



vessel taken along lines 18-18 in Fig. 16; 
[0040] pig. 19A is a cutaway, isometric view of the blood inlet 

port assembly for the blood processing vessel of Fig. 8A; 
[0041] pig. 19B is a longitudinal cross-sectional view of the blood 

inlet port assembly for the blood processing vessel of Fig. 

8A; 

[0042] Fig. 19C is a cross-sectional view of the blood inlet port 
assembly interfacing with the blood processing vessel of 
Fig. 8A; 

[0043] Fig. 19D is an isometric view of the interior of the vane of 
the blood inlet port of Fig. 

[0044] Fig. 19E is a cutaway, isometric view of blood being intro- 
duced into the blood processing vessel of Fig. 8A during 
an apheresis procedure; 

[0045] Fig. 19F is a cross-sectional view of blood being intro- 
duced into the blood processing vessel and channel of 
Fig. 8A during an apheresis procedure; 

[0046] Fig. 19G is a cross-sectional view, looking downwardly, of 
blood being introduced into the blood processing vessel 
and channel of Fig. 8A during an apheresis procedure; 

[0047] Fig. 20A is a cutaway, isometric view of the red blood cell 
outlet port assembly interfacing with the blood processing 
vessel of Fig. 8A; 



[0048] pig. 20B is a longitudinal, cross-sectional view of the red 
blood cell outlet port assembly of Fig. 20A; 

[0049] pig. 20C is a cutaway, isometric view of the red blood cell 
port assembly interfacing with the blood processing ves- 
sel of Fig. 8A during rinseback at the end of an apheresis 
procedure; 

[0050] Fig. 20D is a cross-sectional view, looking downwardly, of 
the red blood cell outlet port assembly interfacing with 
the blood processing vessel in the channel of Fig. 8A dur- 
ing rinseback at the end of an apheresis procedure; 

[0051] Fig. 2 1A is a cross-sectional view of the platelet outlet 
port assembly for the blood processing vessel of Fig. 8A; 

[0052] Fig. 2 IB is a plan view of the platelet outlet port assembly 
of Fig. 21A from the interior of the channel; 

[0053] Fig. 22 is a cutaway, isometric view of the plasma port as- 
sembly for the blood processing vessel of Fig. 8A; 

[0054] Fig. 23A is a cutaway, isometric view of the control port 
assembly for the blood processing vessel of Fig. 8A; 

[0055] Fig. 23B is a cross-sectional view of the control port as- 
sembly interfacing with the blood processing vessel of Fig. 
8A; 

[0056] Fig. 24 is an isometric view of a centrifuge rotor assembly 
for the system of Fig. 1; 



[0057] pig. 25A is a longitudinal cross-sectional view of the rotor 
assembly of Fig. 24; 

[0058] pig. 25B is a top view of the rotor body of the rotor as- 
sembly of Fig. 24; 

[0059] Fig. 25C is a top view of the rotor body of the rotor as- 
sembly of Fig. 24 with the upper counterweight removed 
so as to illustrate the lower counterweight; 

[0060] Fig. 25D is a front view of the rotor body of Fig. 24; 

[0061] Fig. 25E is an isometric view of the left side of the blood 

processing vessel aperture in the rotor body of Fig. 24; 
[0062] Fig. 25F is a cross-sectional view of the rotor body of Fig. 

24; 

[0063] Fig. 26 is a "master screen" for the computer graphics in- 
terface of the apheresis system of Fig. 1; 

[0064] Fig. 27 is a "loading procedures screen" for the computer 
graphics interface of the apheresis system of Fig. 1; 

[0065] Fig. 28 is one embodiment of a "help screen" for the load- 
ing procedures screen of Fig. 

[0066] Fig. 29 is a "disposable pressure test screen" for the com- 
puter graphics interface of the apheresis system of Fig. 1; 

[0067] Fig. 30 is a "pressure test in progress screen" for the 

computer graphics interface of the apheresis system of 
Fig. 1; 



[0068] pig. 31 is a "AC interconnect screen" for the computer 
graphics interface of the apheresis system of Fig. 1; 

[0069] pig. 32 is the "master screen" of Fig. 26 which has been 
updated to reflect completion of the loading of the dis- 
posables; 

[0070] Fig. 33 is a "donor/patient data screen" for the computer 
graphics interface of the apheresis system of Fig. 1; 

[0071] Fig. 34 is a "weight input screen" for the computer graph- 
ics interface of the apheresis system of Fig. 1; 

[0072] Fig. 35 is a "lab data screen" for the computer graphics 
interface of the apheresis system of Fig. 1; 

[0073] Fig. 36 is the "master screen" of Fig. 26 which as been 

updated to reflect completion of the donor/patient preps; 

[0074] Fig. 37 is a first "donor/patient preps screen" for the 

computer graphics interface of the apheresis system of 
Fig. 1; 

[0075] Fig. 38 is a second "donor/patient preps screen" for the 
computer graphics interface of the apheresis system of 
Fig. 1; 

[0076] Fig. 39 is a "run screen" for the computer graphics inter- 
face of the apheresis system of Fig. 1; 

[0077] Fig. 40 is one embodiment of an "alarm screen" for the 
computer graphics interface of the apheresis system of 



Fig. 1; 

[0078] pig. 41 is a "supplemental alarm screen" for the alarm 
screen of Fig. 40; 

[0079] pig. 42 is one embodiment of a "trouble shooting screen" 
for the computer graphics interface of the apheresis sys- 
tem of Fig. 1; 

[0080] Fig. 43 is a "final run data display screen" for the com- 
puter graphics interface of the apheresis system of Fig. 1; 

[0081] Fig. 44 is a "rinseback screen" for the computer graphics 
interface of the apheresis system of Fig. 1; and 

[0082] Fig. 45 is an "unload screen" for the computer graphics 
interface of the apheresis system of Fig. 1. 
Detailed Description 

[0083] The present invention will be described in relation to the 
accompanying drawings which assist in illustrating the 
pertinent features hereof. Generally, all preferred aspects 
of the present invention relate to improvements in a blood 
apheresis system, both procedural and structural. How- 
ever, certain of these improvements may be applicable to 
other extracorporeal blood processing applications and 
such are within the scope of the present invention as well. 

[0084] a preferred blood apheresis system 2 is illustrated in Fig. 
1 and preferably provides for a continuous blood compo- 



nent separation process. Generally, whole blood is with- 
drawn from a donor/patient 4 and is provided to a blood 
component separation device 6 where the blood is sepa- 
rated into the various component types and at least one of 
these separated blood component types is collected by 
and/or removed from the device 6. These collected blood 
components may then be provided for subsequent use by 
another such as by transfusion and/or may be removed in 
favor of the delivery or infusion of replacement fluid(s) for 
therapeutic or non-therapeutic purposes, or may undergo 
a therapeutic treatment and be returned to the donor/ 
patient 4. 

[0085] | n the blood apheresis system 2, blood is withdrawn from 
the donor/patient 4 and directed through a disposable set 
8 which includes an extracorporeal tubing circuit 10 and a 
blood processing vessel 352 and which defines a com- 
pletely closed and sterile system. The disposable set 8 is 
mounted on the blood component separation device 6 
which includes a pump/valve/sensor assembly 1000 for 
interfacing with the extracorporeal tubing circuit 10, and 
a channel assembly 200 for interfacing with the dispos- 
able blood processing vessel 352. 

[0086] The channel assembly 200 includes a channel housing 



204 which is rotatably interconnected with a rotatable 
centrifuge rotor assembly 568 which provides the cen- 
trifugal forces required to separate blood into its various 
blood component types by centrifugation. The blood pro- 
cessing vessel 352 is interfitted with the channel housing 
Blood thus flows from the donor/patient 4, through the 
extracorporeal tubing circuit 10, and into the rotating 
blood processing vessel 352. The blood within the blood 
processing vessel 352 is separated into various blood 
component types and at least one of these blood compo- 
nent types (e.g., plasma, red blood cells) may preferably 
be continually removed from the blood processing vessel 
352. Blood components which are not being collected for 
transfusion to a distinct recipient, or for therapeutic ex- 
change or treatment (e.g., red blood cells, white blood 
cells, plasma, as described hereinbelow) are also removed 
from the blood processing vessel 352 and returned to the 
donor/patient 4 via the extracorporeal tubing circuit 10. A 
continuous process here preferably includes at least a 
continuously spinning/rotating vessel 352, and may also 
include continuous inflow of blood and/or outflow of sep- 
arated products. 
[0087] Operation of the blood component separation device 6 is 



preferably controlled by one or more processors included 
therein, and may advantageously comprise a plurality of 
embedded processors. Such processors may be like those 
used in personal computers or the like, and/or preferably 
accommodate interface capabilities with ever-increasing 
computer user facilities (e.g., CD ROM, modem, audio, 
networking and other capabilities). Relatedly, in order to 
assist the operator of the apheresis system with various 
aspects of its operation, the blood component separation 
device 6 preferably includes a graphical interface 660 
preferably with a touch screen input/output device 664. 
[0088] Disposable Set: Extracorporeal Tubing Circuit 

[0089] As illustrated in the alternative embodiments shown in 

Figs. 2A-2D, a blood-primable extracorporeal tubing cir- 
cuit 10 preferably includes a cassette assembly 110 and a 
number of tubing assemblies 20, 50, 60, 80, 90, 100, 950 
and/or 960 interconnected therewith. Generally, blood re- 
moval/return tubing assembly 20 provides a single needle 
interface between a donor/patient 4 and cassette assem- 
bly 110, and blood inlet/blood component tubing sub- 
assembly 60 provides the interface between cassette as- 
sembly 110 and blood processing vessel 352. As shown in 
the embodiment of Figs. 2A-2B, an anticoagulant tubing 



assembly 50, platelet collection tubing assembly 80, 
plasma collection tubing assembly 90, red blood cell col- 
lection assembly 950 and vent bag tubing subassembly 
100 may be interconnected with cassette assembly 110. 
As shown alternatively in the embodiment of Figs. 2C and 
2D, a variation of RBC assembly 950 may be included, as 
well as a replacement fluid assembly 960 substituted gen- 
erally in place of the platelet assembly 80 of the embodi- 
ment of Figs. 2A and 2B. As will be appreciated, the extra- 
corporeal tubing circuit 10 and blood processing vessel 
352/352a are interconnected to combinatively yield a 
closed disposable assembly 8 for a single use. Note that 
differences between the two primary alternative tubing 
sets disclosed herein will be addressed as they arise in the 
course of the following description. Similarities, on the 
other hand, are numerous and are not uniformly de- 
scribed as such hereinbelow. 
[0090] The blood removal/return tubing assembly 20 includes a 
needle subassembly 30 interconnected with blood re- 
moval tubing 22, blood return tubing 24 and anticoagu- 
lant tubing 26 via a common manifold 28. The needle 
subassembly 30 includes a needle 32 having a protective 
needle sleeve 34 and needle cap 36, and interconnect 



tubing 38 between needle 32 and manifold needle sub- 
assembly 30 preferably further includes a D sleeve 40 and 
tubing clamp positioned about the interconnect tubing 
38. Blood removal tubing 22 may be provided with a Y- 
connector 44 interconnected with a blood sampling sub- 
assembly 46. 
[0091] Pump/Valve/Sensor Assembly 

[0092] As noted, cassette assembly 110 is mounted upon and 

operatively interfaces with the pump/valve/sensor assem- 
bly 1000 of blood component separation device 6 during 
use. The pump/valve/sensor assembly 1000 is angled up- 
ward at about 45 degrees (see Fig. 1) and as illustrated in 
Fig. 3 includes a cassette mounting plate 1010, and a 
number of peristaltic pump assemblies, flow divert valve 
assemblies, pressure sensors and ultrasonic level sensors 
interconnected to face plate 6a of blood collection device 
6 for pumping, controlling and monitoring the flow of 
blood/blood components or replacement fluid(s) through 
extracorporeal tubing circuit 10 during use. 

[0093] More particularly, anticoagulant pump assembly 1020 is 
provided to receive anticoagulant tubing loop 122, blood 
inlet pump assembly 1030 is provided to receive blood 
inlet tubing loop 132, platelet or replacement fluid inlet 



pump assembly 1040 is provided to receive platelet or re- 
placement fluid tubing loop 142, plasma pump assembly 
is provided to receive plasma tubing loop 162, and blood 
return or replacement fluid delivery pump assembly 1090 
is provided to receive blood return or replacement fluid 
delivery tubing loop 192. Each of the peristaltic pump as- 
sembliesl030, 1040, 1060, and 1090 includes a rotor 
1022, 1032, 1042, 1062 and 1092, and raceway 1024, 
1034, 1044, 1064, and 1094 between which the corre- 
sponding tubing loop is positioned to control the passage 
and flow rate of the corresponding fluid. 
[0094] platelet divert or replacement fluid valve assembly 1100 is 
provided to receive platelet collector tubing 82 and 
platelet return tubing or replacement fluid loop 146, 
plasma divert valve assembly 1110 is provided to receive 
plasma collector tubing 92 and plasma return tubing loop 
166, and RBC/plasma divert valve assembly 1120 is pro- 
vided to receive RBC/plasma return tubing loop 172 and 
RBC/plasma collector tubing 952. As noted above, each 
pair of tubings for collection or return or replacement of 
separated blood components is disposed in a predeter- 
mined spaced relationship within window 118 of cassette 
assembly 110, thereby facilitating loading relative to the 



corresponding divert value assemblies. As will be further 
described, platelet divert or replacement fluid valve as- 
sembly 1100, plasma divert valve assembly 1110 and 
RBC/plasma divert valve assembly 1120 each preferably 
include a rotary occluding member 1400a, 1400b and 
1400c that is selectively positionable between stationary 
occluding walls 1104 and 1106, 1114 and 1116, and 
1124 and 1126, respectively, for diverting fluid flow 
through one tubing of the corresponding pairs of tubings. 
[0095] Pressure sensors 1200 and 1260 (See also Figs. 4A and 
4B) are provided within pump/valve/sensor assembly 
1000 to operatively engage the first and second pressure- 
sensing modules 134 and 138 of cassette assembly 110 
through openings 1120 and 1140 of cassette mounting 
plate 1010. Similarly, ultrasonic level sensors 1300 and 
1320 (see also Fig. 5) are provided to operatively engage 
the blood return reservoir 150 cassette assembly 110 
through openings 1160 and 1180 of cassette mounting 
plate 1010. 

[0096] As shown in Figs. 4A and 4B, the first and second pres- 
sure sensing modules 134, 138 of cassette assembly 110 
each comprise a circular diaphragm 134a, 138a posi- 
tioned on a raised cylindrical seat 134b, 138b formed into 



the back plate 114 of cassette assembly 110 with a ring- 
shaped, plastic diaphragm retainer 134c, 138c hot- 
welded to the raised cylindrical seats 134b, 138b to es- 
tablish a seal therebetween. This arrangement allows the 
diaphragms 134a, 138a to be directly responsive to the 
fluid pressures within the first and second integral blood 
inlet passageways 130a, 130b, respectively, and pressure 
sensors 1200, 1260 to directly access the diaphragms 
134a, 138a through the ring-shaped retainers 134c, 
138c. By monitoring the diaphragms 134a, 138a, the 
pressure sensors 1200, 1260 can monitor the fluid pres- 
sure within the first and second integral blood inlet pas- 
sageways 130a, 130b. In this regard, it should also be 
noted that since first integral blood inlet passageway 130a 
is in direct fluid communication with blood removal tub- 
ing 22, and since blood removal tubing 22 and blood re- 
turn tubing 24 are fluidly interconnected via the common 
manifold 28, the first pressure sensing module 134 will be 
responsive to and first pressure sensor 1200 will actually 
sense the substantially common pressure in both the 
blood removal tubing 22 and blood return tubing 24 dur- 
ing operation. 

[0097] with further regard to the first pressure sensing module 



134 and first pressure sensor 1200 Fig. 4A illustrates an 
alternative air coupling arrangement that allows for the 
sensing of positive and negative pressure changes (i.e., 
causing outward and inward flexure of diaphragm 134a). 
To achieve an air seal between the first pressure sensor 
1200 and first pressure sensing module 134, the sensor 
1200 includes a resilient (e.g., rubber), cone-shaped en- 
gaging member 1202. The engaging member 1202 is at- 
tached to an air channel member 1204 having a nipple- 
end 1206 that is received by beveled cylindrical extension 
134d of retainer 134c. Air channel member 1204 further 
includes an outer, annular projecting channel portion 
1208 that contains an O-ring 1210 for sealed sliding en- 
gagement of the air channel member 1204 within housing 
1212. As illustrated, housing 1212 includes ears 1214 
which interface with a floating positioning member 1216 
secured to the face plate 6a of blood component separa- 
tion device 6. As shown, a slight clearance is provided in 
such interface so as to permit slight lateral movement of 
the engaging member 1202 and air channel member 1204 
during loading of the cassette assembly 110. A threaded 
end 1218 of housing 1212 extends through the face plate 
6a of blood component separation device 6 and receives 



nut 1220 thereupon, while leaving a slight clearance be- 
tween the nut 1220 and face plate 6a. A spring 1222 is 
positioned within the housing 1212 and acts upon the an- 
nular channel portion 1208 of the air channel member 
1204 to provide a spring-loaded interface between the 
first pressure sensor 1200 and first pressure sensing 
module 134. Pressure sensing transducer 1224 engages 
air channel member 1204 to sense positive and negative 
pressure changes within sensing module 134 and provide 
an output signal in response thereto during use. As will be 
further described, the output signal of pressure trans- 
ducer 1224 can be employed to control the operation of 
blood inlet pump 1030 and blood return pump 1090 dur- 
ing operation. 

[0098] with regard to the second pressure sensing module 138 
and the second pressure sensor 1260 Fig. 4B illustrates a 
direct contact coupling approach that allows for sensing 
of positive pressure changes (i.e., causing outward flexure 
of diaphragm 138a). Such contact coupling facilitates 
loading since the precise position of the diaphragm 138a 
relative to the second pressure sensor 1260 is not critical. 
As shown, second pressure sensor 1260 includes a pro- 
jecting end portion 1262 that is received by the ring re- 



tainer of sensing module 138 to directly contact di- 
aphragm 138a. Pressure transducer 1264 is mounted rel- 
ative to the face plate 6a of the blood component separa- 
tion device 6 via a ring 1266 that threadingly engages a 
portion of pressure transducer 1264 extending through 
the face plate 6a. Pressure transducer 1264 provides an 
output signal responsive to positive pressure changes act- 
ing upon diaphragm 138a. 
[0099] As shown in Fig. 5, when cassette assembly 110 is 

mounted on pump/valve/sensor assembly 1000, the ul- 
trasonic level sensors 1300 and 1320 will be positioned to 
monitor the fluid level in the blood return or replacement 
fluid reservoir 150. More particularly, upper ultrasonic 
level sensor 1300 will be positioned in contact with the 
reduced top section 156 of blood return or replacement 
fluid reservoir 150 and lower ultrasonic level sensor 1320 
will be positioned in contact with the reduced bottom sec- 
tion 158 of blood return or replacement fluid reservoir 
150. 

[0100] ultrasonic sensors 1300, 1320 each comprise pulse/echo 
transducers 1302, 1322 having a contact surface (e.g., 
urethane) 1304, 1324 that facilitates divert dry coupling 
(i.e., without a gel or other like coupling medium) with the 



blood return or replacement fluid reservoir 150. Byway of 
example, ultrasonic sensors may comprise model Z- 
11405 transducers offered by Zevex Inc. of 5175 Green- 
pine Drive, Salt Lake City, Utah. Pulse/echo transducers 
1302, 1322 are disposed within housings 1306, 1326 for 
interconnection with face plate 6a of the blood component 
separation device 6. Housingsl326 include a flange 1308, 
1328 for engaging the front of face plate 6a, and further 
include a threaded endl328 that extends through the face 
plate 6a to receive corresponding retaining nutsl310, 
1330. A slight clearance is provided for between flanges 
1308, 1328 and face plate 6a. Springs 1312, 1332 are 
positioned within housings 1306, 1326 to act upon the 
corresponding pulse/echo transducers 1302, 1332 via E- 
clips 1314, 1334 disposed therebetween. Such spring 
loading of pulse/echo transducersl332 yields a predeter- 
mined desired loading pressure for pulse/echo transduc- 
ers 1302, 1332 relative to reservoir 150 during operation 
(e.g., at least about 5 O-rings 1316, 1336 are provided 
intermediate pulse/echo transducers 1302, 1322 and 
housings 1306, 1326 to provide a sliding seal therebe- 
tween. Cables 1318, 1338 are interconnected to trans- 
ducers 1302, 1322 to provide pulsing signals and return 



detected echo signals. 
[0101] By gauging the presence and timing of return ultrasonic 
echo pulses each of the sensors 1320 can be employed to 
monitor the presence or absence of fluid within their cor- 
responding echo regions within the blood return reservoir 
150, and permit blood component separation device 6 to 
provide pump control signals in response thereto. More 
particularly, when return blood or replacement fluid accu- 
mulates up into the echo region of upper level sensor 
1300 during blood processing, ultrasonic pulses emitted 
by upper level sensor 1300 will readily pass through the 
return blood or replacement fluid and reflect off of the 
opposing reservoir outside sidewall/air interface to yield 
echo pulses having a predetermined minimum strength 
that are detected by upper sensor 1300 within a predeter- 
mined time period after transmission. When such echo 
pulses are received, upper sensor 1300 provides a signal 
that is used by blood component separation device 6 to 
initiate operation of blood return or replacement fluid de- 
livery pump 1090 so as to remove accumulated return 
blood or replacement fluid from the blood return or re- 
placement fluid reservoir 150 and transfer the same to the 
donor/patient 4. 



[0102] when blood return or replacement fluid delivery pump 

1090 has removed return blood or replacement fluid from 
the reservoir 150 down into the lower echo region, ultra- 
sonic pulses emitted by lower level sensor 1320 will not 
be reflected at the opposing reservoir outside sidewall/air 
interface to yield echo pulses having a predetermined 
minimum strength for detection by lower level sensor 
1320 within a predetermined time period after transmis- 
sion. When this occurs, lower level sensor 1320 will fail to 
provide corresponding signals to blood component sepa- 
ration device 6, and blood component separation device 6 
will automatically stop blood return/replacement fluid de- 
livery pump 1090 to stop further removal of return blood/ 
replacement fluid from the blood return/replacement fluid 
reservoir 150, and return blood/replacement fluid will 
again begin accumulating in reservoir 150. Thus, in the 
blood processing mode, blood component separation de- 
vice 6 will not initiate operation of blood return/re- 
placement fluid delivery pump 1090 unless and until it re- 
ceives signals from upper ultrasonic sensor(the provisions 
of such signals indicating the presence of return blood or 
replacement fluid in the upper echo region), and will 
thereafter automatically stop operation of blood return/ 



replacement fluid delivery pump 1090 if it fails to receive 
signals from ultrasonic sensor 1320 (the failure to receive 
such signals indicating the absence of return blood or re- 
placement fluid in the lower echo region). 
[0103] | n a preferable initial blood prime mode, whole blood may 
be introduced to reservoir 150 from a donor/patient 4 
through blood return/replacement fluid delivery tubing 24 
integral passageways 190a, 190b, and tubing loop 192 via 
reverse operation of blood return/replacement fluid deliv- 
ery pump 1090. When such whole blood accumulates up 
into the echo region of lower level sensor 1320, ultrasonic 
pulses emitted by lower level sensor 1320 will pass 
through the blood and reflect off of the opposing reser- 
voir outside sidewall/air interface to yield echo pulses 
having a predetermined minimum strength that are de- 
tected by lower level sensor 1320 within a predetermined 
time period after transmission. When such echo pulses are 
received in the blood prime mode, lower level sensor 
1320 provides a signal that is used by blood component 
separation device 6 to turn off blood return/replacement 
fluid delivery pump 1090 and end the blood prime mode 
(at least insofar as the priming of the return/replacement 
tubing 24 and reservoir 150 is concerned). Blood compo- 



nent separation device 6 may then initiate the blood pro- 
cessing mode. 

[0104] it j S contemplated that ultrasonic sensors 1300, 1320 can 
be utilized for indicating and/or confirming the desired 
mounting relationship of cassette member 115 on cas- 
sette mounting plate 1010 for blood processing opera- 
tions. For such purposes, if the desired mounting has 
been achieved, the sensors 1300, 1320 should be coupled 
to reservoir 150 so that ultrasonic pulses reflect off the 
interface between the inside surface of the back sidewall 
of reservoir 150 (i.e., the sidewall contacted by the sen- 
sors 1300, 1320) and contained air within reservoir 150, 
and be received with a predetermined minimum strength 
within a predetermined time period after transmission. If 
such echo pulses are received with respect to both ultra- 
sonic sensors 1300, 1320, the desired loading relation- 
ship will be indicated and/or confirmed. Further, it is 
noted that ultrasonic sensorsl320 may be employable to 
sense echo pulses from the interfaces between fluid con- 
tained within the reservoir 150 and the inside surface of 
the outer sidewall of reservoir 150 in the upper and lower 
echo regions of the reservoir during operation. If such 
echo pulses are detectible within corresponding, prede- 



termined time windows, corresponding signals provided 
by ultrasonic sensors 1300, 1320 can provide a further 
input for blood component separation device 6 to control 
operation of blood return/replacement fluid delivery 
pump 1090. 

[° 105 ] It should be noted that in the illustrated arrangement, the 
upper and lower ultrasonic sensors 1300 and 1320 ad- 
vantageously operate via coupling with reduced cross- 
sectional portions 156 and 158 of reservoir 150. The re- 
duced upper and lower reservoir portions 154, 158, ac- 
commodate reliable detection of echo pulses when fluid is 
present in the upper and lower echo regions, and the en- 
larged mid-portion 158 provides satisfactory return 
blood/replacement fluid holding capabilities. 

[0106] pig. 6 shows the preferred components of each of the 

platelet divert/replacement fluid valve subassembly 1100, 
plasma divert valve subassembly 1110 and RBC/plasma 
divert valve subassembly 1120. Each subassembly in- 
cludes a rotary occluder member 1400 having a headed 
shaft member 1402 and barrel sleeve 1404 positioned 
thereupon and rotatable relative thereto. The subassembly 
further comprises a main valve shaft 1406 positioned 
within a valve body 1408 that is secured to face plate 6a 



of blood component separation device 6. An O-ring 1410 
is provided in a recess on the main valve shaft 1406 to 
provide a sliding seal between main valve shaft 1406 and 
extensions 1412 of main valve body 1408. The main valve 
shaft 1406 is driven by a motor 1414 mounted on mount 
plate 1416 that in turn is mounted to and set off from 
face plate 6a by standoff legs 1418. 
[0107] For positioning rotary occluder member 1400 for occlu- 
sion relative to one of the co-acting walls (e.g., 1104 or 
1106 of the platelet divert/replacement fluid valve sub see 
Fig. 3) or for loading/removal of the cassette assembly 
110 on the blood component separation device 6, each 
divert valve subassembly comprises three optical 
through-beam sensors 1420 (two shown) interconnected 
to standoff legs 1418 via support layer 1419, and an opti- 
cal interrupter member 1422 interconnected to the main 
valve shaft Each through-beam sensor 1420 is of a U- 
shape configuration with a radiation source and radiation 
receiver disposed on opposing legs. The optical inter- 
rupter member 1422 has an inverted cup configuration 
with its sidewalls interposed and rotatable between the 
opposing legs of sensors 1420. The optical interrupter 
member 1422 includes a single window 1424 



therethrough. As will be appreciated, the position of the 
rotary occluder member 1400 relative to the window 1424 
of the optical interrupter 1422 is known, such that when 
the optical window 1424 passes between the opposing ra- 
diation source/receiver for a given optical sensor 1420, 
the optical sensor 1420 will provide a signal in response 
to the through-beam (indicating the position of the rotary 
occluder member 1400), and the signal is employed to 
control the operation of motor 1414 to dispose rotary oc- 
cluder member 1400 in the desired position. To provide/ 
route such signals, the support layer 1419 may advanta- 
geously comprise a printed circuit board. Optical sensors 
1420 are preferably positioned slightly "upstream" of pre- 
determined stop regions for occlusion or cassette loading 
so that motor 1414 will be able to dynamically slow down 
and position rotary occluder member 1400 within such 
regions as desired. To insure the desired positioning for 
occlusion, however, stops 1426 are provided on main 
valve shaft 1406 to co-act with cross-pin 1428 intercon- 
nected to main valve shaft 1406 to insure stop positioning 
of rotary occluder member 1400 relative to the desired 
occluding wall. 

[0 1 08] Each of the occluding walls 1104 and 1106, 1114 and 



1116, and 1124 and 1126, are provided with arcuate re- 
cesses (not shown) for receiving the rotatable barrel 
sleeve of rotary occluder members 1400a, 1400b and 
1400c. By way of example, such arcuate recesses may 
have an arc length of 20 degrees and provide a tolerance 
range for positioning the rotary occluder members 1400a, 
1400b, 1400c to achieve the desired tubing occlusion. As 
illustrated in Fig. 3, occluding wall 1106 may be provided 
with a resilient pad to best accommodate the use of thin- 
walled PVC tubing for platelet collector tubing 82. Further, 
and as noted above, thin-walled PVC tubing may be em- 
ployed for plasma collector tubing 92 and RBC/plasma 
collector tubing 952, and corresponding resilient pads 
(not shown) may be provided on occluding walls 1114 and 
1124. In this regard, given the relatively high-spring rate 
of thin-walled PVC tubing, the use of resilient pads in 
connection therewith increases the wearability of the thin- 
walled PVC tubing. 
[0109] | n order to establish an initial predetermined set position 
of the cassette assembly 110 relative to the pump/ 
valve/sensor assembly 1000, the cassette assembly 110 
includes downwardly extending corner positioning tabs 
15 and top and bottom edge lips 17 110 that engage cor- 



responding lower channel projections 1102a on cassette 
mounting plate 1010 and upper channel projections 
1102b on a pivotable spring-loaded interlock member 
1104 that extends across the top edge of cassette mount- 
ing plate 1010. The interlock member 1104 is spring- 
loaded to positively engage cassette assembly 110 upon 
loading via a spring positioned within housing 1106, and 
is provided with a tab 1108 for pivotable movement dur- 
ing cassette loading against the spring loading pressure. 
Preferably, interlock member 1104 is disposed relative to 
the raceway 1094 of return/replacement fluid delivery 
pump assembly 1090, such that when cassette assembly 
110 is fully loaded for operation on blood component 
separation device 6, raceway 1094 will physically restrict 
interlock member 1104 from being pivoted, thereby ad- 
vantageously restricting removal and/or movement of 
cassette assembly 110 during use. 
1 °] After cassette assembly 110 has been secured on the cas- 
sette mounting plate 1010, a loading assembly 1500 re- 
tracts the cassette mounting plate 1010 towards face 
plate 6a of the blood component separation device 6 to 
establish the above-noted, fully-loaded pump, valve and 
sensor relationships. As illustrated in Fig. 7, loading as- 



sembly 1500 includes two posts 1502 upon which cas- 
sette mounting plate 1010 is supportably interconnected. 
The posts 1502 extend through the face plate 6a of blood 
collection device 6 and are interconnected to a cross- 
connect member 1504. A drive nut 1506 is secured to 
cross-connect member 1504 and engages a drive screw 
1508. The drive screw 1508 is in turn rotatably intercon- 
nected to a drive motor 1510 via coupling 1512, the 
drivel510 being mounted on a platform 1514 which is 
supportively interconnected to face plate 6a via standoff 
legs 1516. The drive motor 1510 operates to turn drive 
screw 1508 so as to cause cross-connect member 1504 
and posts 1502 to selectively move cassette mounting 
plate 1010 perpendicularly towards face plate 6a during 
loading procedures and perpendicularly away from face 
plate 6a for unloading of the cassette assembly 110. 
1 ] To establish the desired position of cassette mounting 
plate 1010, U-shaped optical through-beam sensors 
1520a and 1520b are mounted on post bearing holders 
1522 and an optical occluder member 1524 having a win- 
dow 1526 is interconnected to the cross-connect member 
1504. Each of the U-shaped optical sensors 1520a, 1520b 
includes a radiation source and radiation receiver posi- 



tioned on opposing extending legs, and the optical oc- 
cluder member 1524 extends between such legs. Since 
the relative positions between cassette mounting plate 
1010 and optical sensors 1520a, 1520b are known, by 
detecting the passage of radiation through window 1526 
using optical sensors 1520, and providing a signal re- 
sponsive thereto, the position of cassette mounting plate 
1010 for loading and unloading can be automatically es- 
tablished. For example, when a through-beam is received 
by optical sensorl520b, a signal will be provided to stop 
motor 1510 in a position wherein cassette assembly 110 
will be fully loaded on the pump/valve/sensor assembly 
1000 for operation. 
12 ] To confirm such loaded condition, first and second pres- 
sure sensors 1200 and 1260 and upper and lower ultra- 
sonic sensors 1300 and 1320 may be employed. For ex- 
ample, predetermined minimum pressure values can be 
established and actual pressures measured for each of the 
first and second pressure sensors 1200 and 1260 to con- 
firm the desired loading of cassette assembly 110. Fur- 
ther, and of particular interest, ultrasonic sensors 1300 
and 1320 can be advantageously employed to confirm the 
desired loading, since upon proper coupling to reservoir 



150 echo pulses should be reflected off of the internal 
sidewall/air interface with a predetermined minimum 
strength within a predetermined time period as noted 
above. 

[° 113 ] It should be noted that drive motor 1510 preferably in- 
cludes a number of reduction gears with the last gear be- 
ing operatively associated with a slip clutch plate to limit 
the maximum amount of force that may be applied by 
cassette mounting plate 1010 (e.g., to an object between 
cassette mounting plate 1010 and face plate 6a). Relat- 
edly, it is preferable to include control capabilities wherein 
during a load cycle if the window 1526 of optical occluder 
1524 has not moved from its position within the first op- 
tical pass through sensor 1520a to a position within the 
second optical pass through sensor 1520b within a pre- 
determined time period, drive motor 1510 will automati- 
cally either stop or reverse operations. 

[0114] jo summarize the loading process, loading assembly 

1500 initially disposes cassette mounting plate 1010 in an 
extended position. With the cassette mounting plate 1010 
in such extended position, interlock member 1104 is piv- 
oted away from cassette mounting plate 1010 and cas- 
sette assembly 110 is positioned on cassette mounting 



plate 1010 with bottom edge lips 17 of cassette assembly 
110 being received by lower channel projections 1102a of 
cassette mounting plate 1010 and, upon return pivotal 
movement of interlock member 1104, top edge lips 17 of 
cassette assembly 110 being engaged by upper channel 
projections 1102b on interlock member 1104. Loading 
assembly 1500 is then operated to retract cassette 
mounting plate 1010 from its extended position to a re- 
tracted position, wherein tubing loopsl32, 162, 142, 192 
of cassette assembly 110 are automatically positioned 
within the corresponding peristaltic pump assemblies 
1020, 1030, 1060, 1040 and 1090. For such purposes, 
the rotors of each of the peristaltic pump assemblies are 
also operated to achieve loaded positioning of the corre- 
sponding tubing loops. Further, it should be noted that 
for loading purposes, the rotary occluder members 1400a, 
1400b and 1400c of the divert valve assemblies 1100, 
1110 and 1120 are each positioned in an intermediate 
position so as to permit the corresponding sets of tubing 
to be positioned on each side thereof. 
15 ] Upon retraction of the cassette mounting plate 1010, 

spring-loaded, ultrasonic sensors 1300 and 1320 will au- 
tomatically be coupled to reservoir 150 and first and sec- 



ond pressure sensors 1200 and 1260 will automatically 
couple to first and second pressure sensing modules 134 
and 138 of cassette assembly 110. In this fully-loaded, 
retracted position, the cassette assembly 110 will be re- 
stricted from movement or removal by the above-noted 
physical restriction to pivotal movement of interlock 
member 1104 provided by raceway 1094 of return pump 
assembly 1090. 

[° 116 ] It is also noted that during loading of cassette assembly 
110 on the blood component separation device 6, cuvette 

65 (whether disposed in cassette 110 or in line tubing line 

66 or 68) is positioned within an RBC spillover detector 
1600 (e.g., an optical sensor for detecting the presence of 
any red blood cells in the separated platelet or plasma 
fluid stream and providing a signal response thereto) pro- 
vided on the face plate 6a. Detector 1600 may also be 
used for set identification as described hereinabove. Simi- 
larly, a portion of anticoagulant tubing 54 is positioned 
within an AC sensor 1700 , e.g., an ultrasonic sensor for 
confirming the presence of anticoagulant and providing a 
signal in the absence thereof) also provided in face plate 
6a. 

[0117] jo unload cassette assembly 110 after use, the occluding 



members 1400a, 1400b and 1400c f each divert value as- 
sembly are again positioned in an intermediate position 
between the corresponding occluding walls and loading 
assembly 1500 is operated to move cassette mounting 
plate 1010 from its retracted position to its extended po- 
sition. Contemporaneously, the rotors of the various peri- 
staltic pump assemblies are operated to permit the corre- 
sponding tubing loops to exit the same. In the extended 
position, the interlock member 1104 is pivoted out of en- 
gagement with cassette assembly 110 and cassette as- 
sembly 110 is removed and disposed of. 

[0118] Operation of Extracorporeal Tubing Circuit and Pump/ 
Valve/Sensor Assembly 

[° 119 ] In an initial blood prime mode of operation, blood return/ 
replacement fluid delivery pump 1090 is operated in re- 
verse as mentioned above, to transfer whole blood from 
the donor/patient 4 through blood removal/return tubing 
assembly 20, integral blood return passageway 190, 
blood return/replacement fluid delivery tubing loop 192 
and into reservoir 150. Contemporaneously with and/or 
prior to the reverse operation of blood return/re- 
placement fluid delivery pump 1090, anticoagulant peri- 
staltic pump 1020 is operated to prime and otherwise 



provide anticoagulant from anticoagulant tubing assembly 
50, through anticoagulant integral passageway 120, and 
into blood removal tubing 22 and blood return tubing 24 
via manifold 28. When lower level ultrasonic sensors 1320 
senses the presence of the whole blood in reservoir 150 a 
signal is provided and blood component separation de- 
vices 6 tops blood return/replacement fluid delivery peri- 
staltic pump 1090. As will be further discussed, during 
the blood prime mode blood inlet pump 1030 is also op- 
erated to transfer blood into blood inlet integral passage- 
way through blood inlet tubing loop 132 and into blood 
inlet/blood component tubing assembly 60 to prime the 
blood processing vessel 352. 
[0120] During the blood prime mode, vent bag assembly 100 re- 
ceives air from reservoir 150. Relatedly, the occluding 
members 1400a, 1400b, 1400c of divert assemblies 
1100, 1110, 1120 are each preferably positioned to divert 
flow to the reservoir 150. It should also be noted that to 
facilitate blood priming, the cassette assembly 110 is an- 
gled upward at about 45 degrees in its loaded position, 
and the integral passageways of cassette member 115 are 
disposed so that all blood and blood component and re- 
placement fluid inlet paths provide for a bottom-to-top 



blood flow. 

[° 121 ] In the blood processing mode, the blood inlet peristaltic 
pump 1030, platelet/replacement fluid inlet peristaltic 
pump 1040 and plasma peristaltic pump 1060 are oper- 
ated generally continuously (except as described herein- 
below in further detail, e.g., when operating with replace- 
ment fluids, at least the blood inlet pump 1030 is stopped 
during delivery of replacement fluids to the donor/patient 
4), and the occluding members 1400a, 1400b, 1400c are 
positioned for collection or return of corresponding blood 
components, as desired. During a blood removal sub- 
mode, blood return/replacement fluid delivery peristaltic 
pump 1090 is not operated so that whole blood will pass 
into blood removal/return tubing assembly 20 and trans- 
ferred to processing vessel 352 via the cassette assembly 
110 and blood inlet/blood component tubing assembly 
60. In the blood removal submode, uncollected blood 
components are transferred from the processing vessel 
352 to cassette assembly 110, and uncollected compo- 
nents are passed into and accumulate in reservoir 150 up 
to a predetermined level at which upper level ultrasonic 
sensor 1300 provides signals used by blood component 
separation device 6 to end the blood removal submode 



and initiate a blood return or replacement fluid delivery 
submode. More particularly, a blood return or replace- 
ment fluid delivery submode is initiated by forward opera- 
tion of blood return/replacement fluid delivery peristaltic 
pump 1090. In this regard, it should be appreciated that 
in the blood return or replacement fluid delivery submode 
the volume transfer rate of return blood or replacement 
fluid through blood return/replacement fluid tubing loop 
192 utilizing blood return/ replacement fluid delivery 
peristaltic pump 1090 is established by blood component 
separation device 6, according to a predetermined proto- 
col, to be greater than the volume transfer rate through 
blood inlet tubing loop 132 utilizing blood inlet peristaltic 
pump 1030 (again, in certain red blood cell collection 
protocols and/or, if using replacement fluid delivery, the 
blood inlet pump 1030 is stopped when return/delivery 
pump 1090 is operating). As such, the accumulated blood 
or replacement fluid in reservoir 150 is transferred into 
the blood return/replacement fluid delivery tubing of 
blood removal /return tubing assembly 20 and back into 
the donor/patient 4. During the blood processing mode, 
when the accumulated return blood or replacement fluid 
in reservoir 150 is removed down to a predetermined 



level, lower level ultrasonic sensor 1320 will fail to provide 
signals to blood component separation device 6, where- 
upon blood component separation device 6 will automati- 
cally stop blood return/replacement delivery peristaltic 
pump 1090 to end the blood return/replacement delivery 
submode. This automatically serves to reinitiate the blood 
removal submode since blood inlet peristaltic pump 1030 
continuously operates (or restarts as described herein in 
replacement delivery use). 
[0122] During the blood processing mode, pressure sensor 1200 
senses negative/positive pressure changes within the 
blood removal tubing 22 blood return/replacement deliv- 
ery tubing 26, via first integral blood inlet passageway 
130a. Such monitored pressure changes are communi- 
cated to blood component separation device 6 which in 
turn controls blood inlet pump 1030 and return pump 
1090 so as to maintain fluid pressures within predeter- 
mined ranges during the blood removal and the blood re- 
turn submodes. Specifically during the blood removal 
submode, if a negative pressure is sensed that exceeds 
(i.e., is less than) a predetermined negative limit value, 
then blood component separation device 6 will slow down 
operation of blood inlet pump 1030 until the sensed neg- 



ative pressure is back within an acceptable range. During 
the blood return/ replacement delivery submode, if a pos- 
itive pressure is sensed that exceeds (i.e., is greater than) 
a predetermined positive limit value, then blood compo- 
nent separation device 6 will preferably slow down opera- 
tion of blood return/replacement delivery pump 1090 un- 
til the sensed positive pressure is back within an accept- 
able range. 

[0123] pressure sensor 1260 monitors the positive pressure 

within the second integral blood inlet passageway 130b 
and blood inlet tubing 62. If such sensed positive pres- 
sure exceeds a predetermined maximum value, blood 
component separation device 6 will initiate appropriate 
responsive action, including, for example, slowing or 
stoppage of the centrifuge and peristaltic pumps. 

[0124] During the blood processing mode, blood component 

separation device 6 controls the operation of anticoagu- 
lant pump 1020 according to a predetermined protocol 
and responsive to signals provided by AC sensor 1700 
(e.g., indicating a depleted anticoagulant source). Also, 
blood component separation device 6 also controls the 
operation of divert assemblieslllO, 1120 according to 
predetermined instructions and further pursuant to any 



detect signals provided by RBC spillover detector 1600. In 
the latter regard, if an RBC spillover in the separated 
platelet or plasma stream is detected, blood component 
separation device 6 will automatically cause occluder 
member 1400a to divert the separated platelet or plasma 
stream to the return reservoir 150 until the RBC spillover 
has cleared, thereby keeping red blood cells from unde- 
sirably passing into the corresponding platelet or plasma 
collector tubing assembly 80 or 90. Similarly, if a spillover 
detector is used with the replacement fluid line and any- 
thing other than a replacement fluid is detected (in the 
embodiment of Figs. 2c - 2d) then the device 6 will take 
appropriate action, such as halting the procedure (even 
before it starts, e.g.) and prompting for a change in tub- 
ing set or fluid connection, 
[0125] | n normal operation, whole blood will pass through needle 
assembly 30, blood removal tubing 22, cassette assembly 
110 and blood inlet tubing 62 to processing vessel 352. 
As will be further described in detail, the whole blood will 
then be separated into blood components in vessel 352. 
In the embodiment of Figs. 2A-2B, a platelet stream will 
pass out of port 420 of the vessel, through platelet tubing 
66, back through cassette assembly 110, and will then be 



either collected in platelet collector assembly 80 or di- 
verted to reservoir 150. Similarly, separated plasma will 
exit vessel 352 through port to plasma tubing 68 back 
through cassette assembly 110, and will then either be 
collected in plasma tubing assembly 90 or diverted to 
reservoir 150. Further, red blood cells (and potentially 
white blood cells) may pass through ports 492 and 520 of 
vessel 352 through RBC/plasma tubing 64, through cas- 
sette assembly 110 and into reservoir 150. Alternatively, 
during RBC collection procedures as described below, 
separated RBCs will be delivered to RBC/plasma collector 
tubing assembly 950 for collection. Also, alternatively, ac- 
cording to the embodiment of Figs. 2C-2D, during prod- 
uct collection, replacement fluid will be passed through 
inlet tubing line 962, cassette 110 and into the reservoir 
150, and only RBCs and plasma will be passed out of ves- 
sel 352 through corresponding ports 520 and 456 for col- 
lection and/or return as described in more detail below. 
[0126] As noted above, when uncollected platelets, plasma, and 
RBC/plasma (and potentially white blood cells) and/or re- 
placement fluid(s) have accumulated in reservoir 150 up 
to upper ultrasonic level sensor 1300, operation of re- 
turn/delivery peristaltic pump 1090 will be initiated to re- 



move the noted blood or replacement components from 
reservoir 150 and transfer the same back to the donor/ 
patient 4 via the return/delivery tubing 24 and needle as- 
sembly 20. When the fluid level in the reservoir 150 drops 
down to the level of the lower ultrasonic level sensor 
1320, the return/delivery peristaltic pump 1090 will auto- 
matically turn off reinitiating the blood removal submode 
(including restarting the blood inlet pump 1030, if neces- 
sary). The cycle between blood removal and blood return/ 
replacement delivery submodes will then continue until a 
predetermined amount of platelets, RBCs or other col- 
lected blood components have been harvested. 
[° 127 ] In one embodiment, reservoir 150 and upper and lower 
ultrasonic sensors 1300 and 1320 are provided so that, 
during the blood processing mode, approximately 50 
milliliters of return blood/replacement fluid will be re- 
moved from reservoir 150 during each blood return/ 
replacement delivery submode and accumulated during 
each blood removal submode. Relatedly, in such embodi- 
ment, lower and upper level triggering by ultrasonic sen- 
sors 1300 and 1320 occurs at fluid volumes of about 15 
milliliters and 65 milliliters, respectively, within reservoir 
150. For such embodiment, it is also believed desirable to 



provide for a volume transfer operating rate range of 
about 30 to 300 milliliters/minute through blood return/ 
replacement delivery tubing loop 192 utilizing return/ 
delivery pump 1090, and a volume transfer operating rate 
range of either zero or about 20 to 140 milliliters/minute 
through blood inlet tubing loop 132 utilizing blood inlet 
pump 1030. Additionally, for such embodiment a negative 
pressure limit of about -250 mmHg and positive pressure 
limit of about 350 mmHg is believed appropriate for con- 
trolling the speed of inlet pump 1030 and return/delivery 
pump 1090, respectively, in response to the pressures 
sensed in first pressure sensing module 134. A positive 
pressure limit of about 1350 mmHg within second sens- 
ing module 138 is believed appropriate for triggering 
slow-down or stoppage of the centrifuge and pumps. 
[0128] channel Housing 

[0129] The channel assembly 200 is illustrated in Figs. 8A-23B 
and includes a channel housing 204 which is disposed on 
the rotatable centrifuge rotor assembly 568 (Figs. 1 and 
24) and which receives a disposable blood processing 
vessel 352 or 352a. Referring more specifically to Figs. 
8-15, the channel housing 204 has a generally cylindri- 
cally-shaped perimeter 206 with a diameter of preferably 



no more than about 10 inches to achieve a desired size 
for the blood component separation device 6 (e.g., to en- 
hance its portability). An opening 328 extends longitudi- 
nally through the channel housing 204 and contains an 
axis 324 about which the channel housing 204 rotates. 
The channel housing204 may be formed from materials 
such as delrin, polycarbonate, or cast aluminum and may 
include various cut-outs or additions to achieve weight 
reductions and/or rotational balance. 
[0130] The primary function of the channel housing 204 is to 
provide a mounting for the blood processing vessel 352 
or 352a such that the blood may be separated into the 
blood component types in a desired manner. In this re- 
gard, the channel housing 204 includes a generally con- 
cave channel 208 in which the blood processing vessel 
352 or 352a is positioned. The channel 208 is principally 
defined by an inner channel wall 212, an outer channel 
wall 216 which is radially spaced from the inner channel 
wall 212, and a channel base 220 which is positioned 
therebetween. The channel 208 also extends from a first 
end 284 generally curvilinearly about a rotational axis 324 
of the channel housing 204 to a second end 288 which 
overlaps with the first end 284 such that a continuous 



flow path is provided about the rotational axis 324. That 
is, the angular disposition between the first end of 284 
the channel 208 and the second end 288 of the channel 
208 is greater than 360 degrees and up to about 390 de- 
grees, and in the illustrated embodiment is about 380 de- 
grees. Referring to Fig. 15, this angular disposition is 
measured by the angle B (beta), along a constant radius 
arc, between a first reference ray 336 which extends from 
the rotational axisto324 the first end 284, and a second 
reference ray 340 which extends from the rotational axis 
324 to the second end 288 of the channel 208. 
[0131] The blood processing channel vessel 352 or 352a is dis- 
posed within the channel 208. Generally, the channel 208 
desirably allows blood to be provided to the blood pro- 
cessing vessel 352/352a during rotation of the channel 
housing 204, to be separated into its various blood com- 
ponent types by centrifugation, and to have various blood 
component types removed from the blood processing 
vessel 352/352a during rotation of the channel housing F 
204. or instance, the channel 208 is configured to allow 
for the use of high packing factors (e.g., generally a value 
reflective of how "tightly packed" the red blood cells and 
other blood component types are during centrifugation 



and as will be discussed in more detail below). Moreover, 
the channel 208 also desirably interacts with the blood 
processing vessel 352/352a ring centrifugation (e.g., by 
retaining the blood processing vessel 352/352a in the 
channel 208 and by maintaining a desired contour of the 
blood processing vessel I 352/352a. n addition, the chan- 
nel 208 allows for a blood priming of the blood process- 
ing vessel 352/352a (i.e., using blood as the first liquid 
which is provided to the blood processing vessel 
352/352a in an apheresis procedure). 
[0132] The above-identified attributes of the channel 208 are 

provided primarily by its configuration. In this regard, the 
channel housing 204 includes a blood inlet slot 224 which 
is generally concave and which intersects the channel 208 
at its inner channel wall 212 in substantially perpendicular 
fashion (e.g., the blood inlet slot 224 interfaces with the 
inner channel wall 212). A blood inlet port assembly 388 
to the interior of the blood processing vessel 352/352a is 
disposed in this blood inlet slot 224 such that blood from 
the donor/patient 4 may be provided to the blood pro- 
cessing vessel 352/352a when in the channel 208. In or- 
der to retain a substantially continuous surface along the 
inner channel wall 212 during an apheresis procedure and 



with the blood processing vessel 352/352a being pres- 
surized, namely by reducing the potential for the blood 
inlet port assembly 388 deflecting radially inwardly within 
the blood inlet slot 224, a recess 228 is disposed on the 
inner channel wall 212 and contains the end of the blood 
inlet slot 224 (e.g., Fig. 14A). This recess 228 receives a 
shield 408 which is disposed about the blood inlet port 
assembly 388 on the exterior surface of the blood pro- 
cessing vessel 352/352a as will be discussed in more de- 
tail below. 

[° 133 ] As illustrated in Figs. 8-9, an RBC dam 232 of the channel 
208 is disposed in a clockwise direction from the blood 
inlet slot 224 and whose function is to preclude RBCs and 
other large cells such as WBCs from flowing in a clockwise 
direction beyond the RBC dam 232. Generally, the surface 
of the RBC dam 232 which interfaces with the fluid con- 
taining volume of the blood processing vessel 352/352a 
may be defined as a substantially planar surface or as an 
edge adjacent the collect well 236. At least in that portion 
of the channel 208 between the blood inlet port 224 and 
the RBC dam 232, blood is separated into a plurality of 
layers of blood component types including, from the radi- 
ally outermost layer to the radially innermost layer, red 



blood cells ("RBCs"), white blood cells ("WBCs"), platelets, 
and plasma. The majority of the separated RBCs are re- 
moved from the channel 208 through an RBC outlet port 
assembly 516 which is disposed in an RBC outlet slot 272 
associated with the channel 208, although at least some 
RBCs may be removed from the channel 208 through a 
control port assembly 488 which is disposed in a control 
port slot 264 associated with the channel 208. 
[0134] The RBC outlet port slot 272 is disposed in a counter- 
clockwise direction from the blood inlet slot 224, is gen- 
erally concave, and intersects the channel 208 at its inner 
channel wall 212 in substantially perpendicular fashion 
(e.g., the RBC outlet slot 272 interfaces with the inner 
channel wall 212). An RBC outlet port assembly 516 to the 
interior of the blood processing vessel 352/352a is dis- 
posed in this RBC outlet slot 272 such that separated 
RBCs from the apheresis procedure may be continually re- 
moved from the blood processing vessel 352/352a when 
in the channel 208 (e.g., during rotation of the channel 
housing 204). In order to retain a substantially continuous 
surface along the inner channel wall 212 during an 
apheresis procedure and with the blood processing vessel 
352/352a being pressurized, namely by reducing the po- 



tential for the RBC outlet port assembly 516 deflecting ra- 
dially inwardly within the RBC outlet slot 272, a recess 
276 is disposed on the inner channel wall 212 and con- 
tains the end of the RBC outlet slot 272 (e.g., Figs. 14A, 
14B). This recess 276 receives a shield 538 which is dis- 
posed about the RBC outlet port assembly 516 on the ex- 
terior surface of the blood processing vessel 352/352a as 
will be discussed in more detail below. These above ele- 
ments are preferably substantially similar in both of the 
alternative embodiments as shown in Figs. 8A and 8B. 
[0135] | n the embodiment of Fig. 8A, there is a control port slot 
264 is disposed in a counterclockwise direction from the 
RBC outlet slot 272, is generally concave, and intersects 
the channel 208 at its inner channel wall 212 in substan- 
tially perpendicular fashion (e.g., the control port slot 264 
interfaces with the inner channel wall 212). A control port 
assembly 488 to the interior of the blood processing ves- 
sel 352 (see Fig. 8A) is disposed in the control port slot 
264 (e.g., Figs. 14A and C). In order to retain a substan- 
tially continuous surface along the inner channel wall 212 
during an apheresis procedure and with the blood pro- 
cessing vessel 352 being pressurized, namely by reducing 
the potential for the control port assembly 488 deflecting 



radially inwardly within the control port slot 264, a recess 
268 is disposed on the inner channel wall 212 and con- 
tains the end of the control port slot 264. This recess 268 
receives a shield 508 which is disposed about the control 
port assembly 488 on the exterior surface of the blood 
processing vessel 352 as will be discussed in more detail 
below. 

[0136] | n t he embodiment of Fig. 8B, the RBC outlet port 520 acts 
also as the interface control outlet port, and there is thus 
no corresponding control port assembly 488 in this em- 
bodiment. The interface control features hereof will be 
described further below. 

[0137] The portion of the channel 208 extending between the 

control port slot 264 and the RBC dam 232 may be char- 
acterized as the first stage 312 of the channel 208. The 
first stage 312 is configured to remove primarily RBCs 
from the channel 208 by utilizing a reverse flow in rela- 
tion to the flow of platelet-rich and/or platelet-poor 
plasma (depending upon the corresponding use of re- 
spective vessels 352 or 352a) through the channel 208 
which is in a clockwise direction. In this regard, the outer 
channel wall 216 extends along a curvilinear path from 
the RBC dam 232 to the blood inlet slot 224 generally 



progressing outwardly away from the rotational axis 324 
of the channel housing 204. That is, the radial disposition 
of the outer channel wall 216 at the RBC dam 232 is less 
than the radial disposition of the outer channel wall 216 
at the blood inlet slot 224. The portion of the RBC outlet 
slot 272 interfacing with the channel 208 is also disposed 
more radially outwardly an the portion of the blood inlet 
slot 224 which interfaces with the channel 208. 
[0138] | n the first stage 312, blood is separated into a plurality of 
layers of blood component types including, from the radi- 
ally outermost layer to the radially innermost layer, red 
blood cells ("RBCs"), white blood cells ("WBCs"), platelets, 
and plasma. As such, the RBCs sediment against the outer 
channel wall 216 in the first stage 312. By configuring the 
RBC dam 232 such that it is a section of the channel 210 
which extends further inwardly toward the rotational axis 
324 of the channel housing 204, this allows the RBC dam 
232 to retain separated RBCs and other large cells as 
noted within the first stage 312. That is, the RBC dam 232 
functions to preclude RBCs from flowing in a clockwise di- 
rection beyond the RBC dam 232. And, in the embodiment 
of Figs. 2C-2D and 8B, it is preferable that, as described 
below, all blood components except platelet-poor plasma 



are precluded from flowing in a clockwise direction be- 
yond the RBC dam 232. 
[0139] Separated RBCs and other large cells as noted are re- 
moved from the first stage 312 utilizing the above-noted 
configuration of the outer channel wall 2 16 which induces 
the RBCs and other large cells as noted to flow in a coun- 
terclockwise direction, e.g., generally opposite to the flow 
of inlet blood into and through the first stage 312). 
Specifically, separated RBCs and other large cells as noted 
flow through the first stage 312 counter clockwise along 
the outer channel wall 216, past the blood inlet slot 224 
and the corresponding blood inlet port assembly 388 on 
the blood processing vessel 352/352a, and to an RBC 
outlet slot 272. In the embodiment of Fig. 8A, in order to 
reduce the potential for counterclockwise flows other than 
separated RBCs being provided to the control port assem- 
bly 488 disposed in the control port slot 264 (e.g., such 
that there is a sharp demarcation or interface between 
RBCs and plasma proximate the control port slot 264 as 
will be discussed in more detail below), a control port dam 
280 of the channel 208 is disposed between the blood in- 
let slot 224 and the RBC outlet slot 272. That is, prefer- 
ably no WBCs, nor any portion of a buffy coat, disposed 



radially adjacent to the separated RBCs, is allowed to flow 
beyond the control port dam 280 and to the control port 
slot 264. The "buffy coat" includes primarily WBCs, lym- 
phocytes, and the radially outwardmost portion of the 
platelet layer. As such, substantially only the separated 
RBCs and plasma are removed from the channel 208 in 
the Fig. 8A embodiment via the RBC control slot 264 to 
maintain interface control as noted. Contrarily, in the em- 
bodiment of Figs. 2C-2D and 8B, all of these layers 
(except the platelet poor plasma) are retained behind the 
dam 232 and are also flowed back counter clockwise to 
the RBC/control outlet 520 where all such components, 
even the platelet poor plasma flowing thereto in a clock- 
wise direction from the second stage (see below), is re- 
moved through the RBC/control outlet 520. Preferably, as 
will be described below, the RBC/plasma interface is 
maintained at the radial level of the RBC/control outlet 
520; and thus, the dam 280 does not foreclose any sepa- 
rated component flow thereto. 
[0140] The flow of RBCs to the control port assembly 488 in the 
embodiment of Figs. 2A-2B and 8A, is typically relatively 
small. Nonetheless, the ability for this flow is highly de- 
sired in that the control port assembly 488 functions in 



combination with the RBC outlet port assembly 516 to au- 
tomatically control the radial position of an interface be- 
tween separated RBCs and the "buffy coat" in relation to 
the RBC dam 232 by controlling the radial position of an 
interface between separated RBCs and plasma in relation 
to the control port assembly 488. The control port assem- 
bly 488 and RBC outlet port assembly 516 automatically 
function to maintain the location of the interface between 
the separated RBCs and the buffy coat at a desired radial 
location within the channel 208 which is typically adjacent 
the RBC dam 232 such that there is no spillover of RBCs or 
the buffy coat beyond the RBC dam 232. This function is 
provided by removing separated RBCs from the channel 
208 at a rate which reduces the potential for RBCs and the 
other large cells as noted flowing beyond the RBC dam 
232 and contaminating the platelet collection. 
[° 141 ] Separated platelets, again in the embodiment of Figs. 

2A-2B and 8A, which are disposed radially inwardly of the 
RBC layer and more specifically radially inwardly of the 
buffy coat, flow beyond the RBC dam 232 with the plasma 
(e.g., via platelet-rich plasma) in a clockwise direction. In 
the Fig. 8B embodiment, there is no platelet collection 
performed, and, preferably only platelet-poor plasma 



flows over the dam 232. Forcing the interface further ra- 
dially outwardly by making the RBC port 520 also act as 
the control port achieves this restriction, i.e., the platelets 
do not get close enough to the dam 232 to flow thereover 
in this other embodiment. However, in the embodiment of 
Fig. 8A, a generally funnel-shaped platelet collect well 
236 is disposed in a clockwise direction from the RBC dam 
232 and is used to remove platelets from the channel 208 
in the platelet-rich plasma. The configuration of the 
platelet collect well 236 is defined by only part of the 
outer channel wall 216. The portion of the platelet collect 
well 236 defined by the configuration of the outer channel 
wall 216 includes a lower face 240, a left side face 244, 
and a right side face 248. These faces 240, 244, 248 are 
each substantially planar surfaces and taper generally 
outwardly relative to the rotational axis 324 and inwardly 
toward a central region of the platelet collect well 236. 
[0142] The remainder of the platelet collect well 236 (Fig. 8A) is 
defined by the blood processing vessel 352 when loaded 
in the channel 208, namely a generally triangularly- 
shaped, which is disposed above the platelet outlet port 
assembly 416 to the interior of the blood processing ves- 
sel 352 and discussed in more detail below. A platelet 



support recess extends further radially outwardly from 
those portions of the platelet collect well 236 defined by 
the configuration of the outer channel wall 216 and pri- 
marily receives the support 428 associated with the 
platelet collect port assembly 416. Generally, the upper 
portion of the support 428 is disposed below and engages 
an upper lip 252 of the platelet support recess 249, while 
portions of the fourth face 444 of the support 428 are 
seated against the two displaced shoulders 252. This po- 
sitions the support 428 when the blood processing vessel 
352 is pressurized to direct platelets toward the platelet 
collect port assembly 416. 
[0143] The outer channel wall 216 is further configured to re- 
ceive the platelet collect tube An upper platelet collect 
tube recess 254 and a lower platelet collect tube recess 
255 are disposed yet further radially outwardly from the 
platelet support recess 249 to provide this function. As 
such, the platelet collect tube 424 may extend radially 
outwardly from the outer sidewall 376 of the blood pro- 
cessing vessel 352, extend upwardly through the lower 
platelet collect tube recess 255 and the upper platelet 
collect tube recess 254 behind or radially outwardly from 
the support 428, and extend above the channel housing 



204. 

[0144] platelet-poor plasma continues to flow in a clockwise di- 
rection through the channel 208 after the platelet collect 
well 236 (Fig. 8A), or after the dam 232 (in the embodi- 
ment of Fig. 8B), and may be removed from the channel 
208. In this regard, the channel 208 further includes a 
generally concave plasma outlet slot 256 (Figs. 8A and 8B) 
which is disposed proximate the second end 288 of the 
channel 208 and intersects the channel 208 at its inner 
channel wall 212 in substantially perpendicular fashion ( 
i.e., the plasma outlet slot 256 interfaces with the inner 
channel wall 212). A plasma outlet port assembly 452 to 
the interior of the blood processing vessel 352 is dis- 
posed in this plasma outlet slot 256 such that plasma may 
be continually removed from the blood processing vessel 
352/352a during an apheresis procedure (e.g., during 
continued rotation of the channel housing 204). This 
plasma may be collected and/or returned to the donor/ 
patient 4 as described in further detail below. 

[0145] | n order to increase the number of platelets that are sepa- 
rated and removed from the vessel 352 in the embodi- 
ment of Fig. 8A, in a given apheresis procedure, the con- 
figuration of the channel 208 between the platelet collect 



well 236 and the plasma outlet slot 256 may be such that 
platelets which separate from plasma in this portion of the 
channel 208 actually flow in a counterclockwise direction 
back towards the platelet collect well 236 for removal 
from the channel 208. This may be provided by configur- 
ing the outer channel wall 216 such that it extends gener- 
ally curvilinearly about the rotational axis 324 from the 
platelet collect well 236 to the plasma outlet slot 256 pro- 
gressing generally inwardly toward the rotational axis 324 
of the channel housing 204. Consequently, the portion of 
the channel 208 including the platelet collect well 236 and 
extending from the platelet collect well 236 to the second 
end 288 may be referred to as a second stage 316 of the 
channel 208. In the embodiment of Figs. 2C-2D and 8B 
where there is no platelet collect well, the second stage 
316 extends from the top of the dam 232 to the plasma 
outlet port 456 (see Fig. 2C). 
[0146] The channel 208 is also configured to provide platelet- 
poor plasma to the control port slot 264 in the Fig. 8A 
embodiment, and to the RBC/control port slot 272 in the 
Fig. 8b embodiment. Thus platelet-poor plasma flows to 
the control port assembly 488 (Fig. 8A) or RBC/control 
port 520 (Fig. 8B) in order to assist in automatically con- 



trolling the interface between the RBCs and the buffy coat 
or plasma in relation to the RBC dam I 232. n this regard, 
the first end 284 of the channel 208 is interconnected 
with the second end 288 of the channel 208 by a connec- 
tor slot 260. With the first connector 360 and second con- 
nector 368 of the blood processing vessel 352/352a be- 
ing joined, they may be collectively disposed in this con- 
nector slot 260. As such, a continuous flowpath is pro- 
vided within the blood processing vessel 352/352a and, 
for purposes of the automatic interface control feature, 
RBCs may flow to the control port slot 264 (Fig. 8A) in a 
counterclockwise direction and plasma may flow to the 
control port slot 264 (Fig. 8A) or RBC/control port slot 
272 (Fig. 8B) in a clockwise direction. The portion of the 
channel 208 extending from the first end 284 to the re- 
spective control port slots 264/272 may be referred to as 
a third stage 320 of the channel A 208. 
[0147] As noted above, the configuration of the channel 208 is 

desirable/important in a number of respects. As such, the 
dimensions of one embodiment of the channel 208 are 
provided herein and which may contribute to the func- 
tions of the channel 208 discussed below. The dimensions 
for one embodiment of the channel 208 are identified on 



Fig. 9B. All radii and thicknesses, etc., are expressed in 
inches. 

[0148] one of the desired attributes of the channel 208 is that it 
facilitates the loading of the blood processing vessel 
352/352a therein. This is provided by configuring the 
channel 208 to include a chamfer 210 on both sides of 
the channel 208 along the entire extent thereof. Gener- 
ally, the chamfer 210 extends downwardly and inwardly 
toward a central portion of the channel 208 as illustrated, 
for instance, in Figs. 12-13. In this embodiment the angle 
of this chamfer 210 ranges from about 30 degrees to 
about 60 degrees relative to horizontal, and preferably is 
about 45 degrees. Moreover, the configuration of the 
channel 208 retains the blood processing vessel 
352/352a within the channel 208 throughout the aphere- 
sis procedure. This is particularly relevant in that the 
channel housing 254 is preferably rotated a relatively high 
rotational velocities, such as about 3,000 RPM. 

[° 149 ] Another desirable attribute of the channel 208 is that it 
provides a self-retaining function for the blood process- 
ing vessel 352/352a. The configuration of the channel 
208 in at least the first stage 312, and preferably in the 
region of the platelet collect well 236 (Fig. 8A) and in the 



region of the RBC dam 232 as well, is configured such 
that the upper portion of the channel 208 includes a re- 
striction (e.g., such that the upper part of the channel 208 
in this region has a reduced width in relation to a lower 
portion thereof). Although this configuration could also be 
utilized in the portion of the second stage 316 disposed 
between the platelet collect well 236 or dam 232 and the 
plasma outlet slot 256, in the illustrated embodiment the 
width or sedimentation distance of the channel 208 in this 
region is less than the width or sedimentation distance of 
the channel 208 throughout the entire first stage 312. 
This use of a "reduced width" can itself sufficiently retain 
the blood processing vessel 352/352a in the channel 208 
in the "reduced-width" portion of the second stage 316 
such that the inner channel wall 212 and outer channel 
wall 216 in this portion of the second stage 316 may be 
generally planar and vertically extending surfaces. 
[0150] | n the illustrated embodiment and as best illustrated in 
Fig. 12, the noted "restriction" in the channel 208 is pro- 
vided by configuring the outer channel wall 216 with a 
generally C-shaped profile. In this portion of the channel 
208, the channel 208 includes an upper channel section 
292 having a first width, a mid-channel section 300 hav- 



ing a second width greater than the first width, and a 
lower channel section 304 having a width less than that of 
the mid-channel section 300 and which is typically equal 
to that of the upper channel section 292. This profile is 
provided by an upper lip 296 which extends radially in- 
wardly from the outer channel wall 216 toward, but dis- 
placed from, the inner channel wall 212, and by a lower 
lip 308 which extends radially inwardly from the outer 
channel wall 216 toward, but displaced from, the inner 
channel wall 212. This lower lip 308 actually defines a 
portion of the channel base 220 but does extend entirely 
from the outer channel wall 216 to the inner channel wall 
212 such that it defines a notch 218. 
[0151] when the blood processing vessel 352/352a is loaded 

into the channel 208, the fluid-containing volume of the 
coinciding portion of the blood processing vessel 
352/352a is disposed below the upper channel section 
292 and is principally contained within the mid-channel 
section 300. That is, the upper lip 296 "hangs over" the 
fluid-containing volume of the blood processing vessel 
352/352a over at least a portion of its length. The upper 
lip 296 thereby functions to retain the blood processing 
vessel 352/352a within the channel 208 during rotation 



of the channel housing 204. Moreover, the upper lip 296 
reduces the potential for creep by supporting the vessel 
352/352a proximate the upper seal 380. The upper chan- 
nel section 292 and the lower channel section 304 are 
multi-functional in that they also serve to receive and 
support an upper seal 380 and lower seal 384 of the 
blood processing vessel 352/352a to a degree such that 
the stresses induced on these portions of the blood pro- 
cessing vessel 352/352a during an apheresis procedure 
are reduced as will be discussed in more detail below. As 
can be appreciated, a similarly configured upper lip and 
lower lip could extend outwardly from the inner channel 
wall 212 toward, but displaced from, the outer channel 
wall 216, alone or in combination with the upper lip 296 
and lower lip 308, and still retain this same general profile 
for the channel 208 to provide the noted functions. 
[° 152 ] Another desirable attribute of the channel 208 is that it 
allows for the use of blood as the liquid which primes the 
blood processing vessel 352/352a versus, for instance, 
saline solutions. Priming with blood allows for the actual 
collection of blood components to begin immediately (i.e., 
blood used in the prime is separated into blood compo- 
nent types, at least one of which may be collected). Blood 



priming is subject to a number of characterizations in re- 
lation to the apheresis system 2 and is based primarily 
upon the configuration of the channel F 208. or instance, 
the configuration of the channel 208 allows for blood to 
be the first liquid introduced into the blood processing 
vessel 352/352a which is loaded in the channel 208. 
Moreover, the configuration of the channel 208 allows 
separated plasma to flow in a clockwise direction through 
the channel 208 and to reach the control port slot 264 
(Fig. 8a and thus the control port assembly 488 of the 
blood processing vessel 352) before any separated RBCs 
or any of the other noted large cells flow in the same 
clockwise direction beyond the RBC dam 232 and thus 
into the second stage 316 (i.e., a spillover condition). That 
is, blood priming may be utilized since control of the in- 
terface between the separated RBCs and the buffy coat is 
established before any RBCs or WBCs spill over into the 
second stage 316. Blood priming may also be character- 
ized as providing blood and/or blood components to the 
entire volume of the blood processing vessel 352/352a 
prior to any RBCs or any of the other noted large cells 
flowing beyond the RBC dam 232 and into the second 
stage 316. 



[0153] | n order to achieve this desired objective of priming the 
blood processing vessel 352/352awith blood, generally 
the volume of the channel 208 which does not have RBCs 
to the volume of the channel 208 which does have RBCs 
must be less than one-half of one less than the ratio of 
the hematocrit of the RBCs leaving the channel 208 
through the RBC outlet port assembly 516 to the hemat- 
ocrit of the blood being introduced into the channel 208 
through the blood inlet port assembly 388. This may be 
mathematically expressed as follows 

V 2 /Vi < (H RP /H IN -l)/2, where: 

= the volume of the channel 208 containing only plasma or platelet-rich plasma; 
Vj = the volume of the channel 208 containing RBCs of the first stage 312 

and third stage 320; 
H^p = the hematocrit of the packed RBCs leaving the channel 208 through the 

RBC outlet port assembly 516; and 
Hjj^j = the hematocrit of the blood entering the channel 208 through the 
blood inlet port assembly 388. 

This equation assumes that the hematocrit in the RBC vol- 
ume and is calculated as (HIN + HRP) /2. In the case 
where the HIN is equal to 0.47 and HRP is equal to 0.75, 
this requires that the ratio of V1/V2 be less than 0.30 in 
order for a blood prime to be possible. 
The noted ratio may be further characterized as the ratio 



[0154] 



[0155] 



of that portion of the channel 208 which may be charac- 
terized as containing primarily plasma (e.g., VPL) to the 
volume of that portion of the channel 208 which may be 
characterized as containing primarily RBCs (e.g., VRBC). 
Referring to Fig. 15, these respective volumes may be de- 
fined by a reference circle 332 which originates at the ro- 
tational axis 324 and which intersects the RBC dam 232 at 
the illustrated location which would be at the border of a 
spillover condition. Portions of the channel 208 which are 
disposed outside of this reference circle 232 are defined 
as that portion of the channel 208 which includes primar- 
ily RBCs or which defines VRBC (e.g., about 77.85 cc in the 
illustrated embodiment), while those portions of the 
channel 208 which are disposed inside of the reference 
circle 232 are defined as that portion of the channel 208 
which includes primarily plasma or which defines VPL 
(e.g., about 19.6 cc in the illustrated embodiment). In the 
illustrated embodiment, the ratio of VPL/VRBC is about 
0.25 which is less than that noted above for the theoreti- 
cal calculation for the blood prime (e.g., 0.30 based upon 
comparison of the hematocrits). In order to further 
achieve the noted desired ratio, the width and height of 
the channel 208 throughout that portion of the second 



stage 316 disposed in a clockwise direction from the 
platelet collect well 236 (Fig. 8a or the dam 232 (Fig. 8B), 
also in third stage 320, are each less than the width and 
height of the channel 208 throughout the entire first 
stage 312. 

[0156] Another important feature relating to the configuration of 
the channel 208 is that the radially inwardmost portion of 
the inner channel wall 212 is at the interface with the 
plasma outlet slot 256. That is, the entirety of the inner 
channel wall 212 slopes toward the plasma outlet slot 
256. This allows any air which is present in the blood pro- 
cessing vessel 352/352a during priming to be removed 
from the blood processing vessel 352/352a through the 
plasma outlet slot 256 and more specifically the plasma 
outlet port assembly 452 in the air will be the least dense 
fluid within the blood processing vessel 352/352a this 
time. 

[° 157 ] Another desirable attribute of the channel 208 is that it 
contributes to being able to utilize a high packing factor 
in an apheresis procedure. A "packing factor" is a dimen- 
sionless quantification of the degree of packing of the 
various blood component types in the first stage 312 and 
is thus reflective of the spacings between the various 



blood component types. The packing factor may thus be 
viewed similarly to a theoretical density of sorts (e.g., 
given a quantity of space, what is the maximum number 
of a particular blood component type that can be con- 
tained in this space). e 

The packing factor is more specifically defined by the following equation: 
PF = co 2 x R x (v RBC /W) x V/Q| N , where: 



PF = packing factor; 

co = rotational velocity; 

R = the average radius of the outer channel wall 2 1 6 in 

the first cell separation stage 312; 
V RBC = the sedimentation velocity of RBCs at 1G; 

V = the functional volume of the first cell separation 

stage 312; 

W = the average sedimentation distance or width of the 

channel 208; and 



Q| N = the total inlet flow to the channel 208. 

Consequently, the packing factor as used herein is depen- 
dent upon not only the configuration of the channel 208, 
particularly the first stage 312, but the rotational veloci- 
ties being used in the apheresis procedure as well as the 
inlet flow to the blood processing vessel 352/352a. The 
following are packing factors associated with the blood 
processing channel 208 having the above-described di- 
mensions: 
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[0159] N 0 te the G forces are listed for the various rotational 

speeds at the middle of the first stage 312 and for a 10 
inch outer diameter for the channel housing 204. At about 
G 2,560 RPM, force is about 800 G, while at about 3,000 
RPM the G force is about 1,100 Gs. 

[0160] increasing the packing factor beyond a certain point pro- 
duces diminishing returns regarding the collection of 
blood component types. That is, further increases in 
packing factor may not produce correspondingly in- 
creased collection efficiencies and may in fact impede the 
collection of blood component types. It is believed that a 
packing factor ranging from about 4 to about 21, prefer- 
ably from about 11 to 16, and more preferably about 13, 
is optimum for collection of most blood component types. 
It has been observed, however, that during red blood cell 
collection, an increased packing factor (i.e., > 13) may 
prove desirable to lower the level of white blood cells in 
the collected RBC product. A packing factor of 16 has 
been found preferable in collecting RBCs and plasma si- 
multaneously with the embodiment of Figs. 2C-2D and 8B 
(see below). The rotational velocity of the channel housing 
204 may be adjusted based upon the inlet flows being 
provided to the blood processing vessel 352 or 352a to 



maintain the desired packing factor. For instance, the de- 
sired operating speed for the centrifuge housing 204 dur- 
ing the normal course of an apheresis procedure is 
preferably about 3,000 RPM. However, this rotational 
speed may be reduced to "match" the inlet flow to the 
blood processing vessel 352 or in order to retain the de- 
sired packing factor. Similarly, the rotational speed of the 
channel housing 204 may be increased to "match" an in- 
creased inlet flow to the blood processing vessel 
352/352a in order to retain the desired packing factor. 
[0161] Due to constraints regarding the blood processing vessel 
352/352a, more specifically the various tubes intercon- 
nected therewith (e.g., which provide the seal-less loop), 
the above-noted desired packing factors of about 13 may 
be realized for inlet flows of up to about 55 ml/min. 
(instantaneous). Beyond 55 ml/min., the rotational speed 
would have to be increased above 3000 RPM to maintain 
the desired packing factor of about 13. Although tubes 
exist which will withstand those rotational speeds, 
presently they are not approved for use in an apheresis 
system. With the presently approved tubing, the packing 
factor may be maintained at a minimum of about 10, and 
preferably at least about 10.2, or even 11, for inlet flows 



(instantaneous) of about 40-70 ml/min. For the packing 
factor preference of 16 for the collection of RBCs and 
plasma together (Figs. 2C-2D), a maximum 3000 RPM ro- 
tational speed would indicate that a slower inlet flow 
would be necessary. The higher packing factor of 16 pro- 
vides a purer plasma separation (i.e., fewer platelets) over 
the RBC dam; and thus, a purer plasma product. However, 
a packing factor of 16 is also slower because of the lower 
inlet flow. Thus, after collecting plasma and RBCs together 
(until a minimum desired amount of plasma is collected, 
for instance), then the packing factor would preferably be 
reduced to about 13 to collect RBCs at a faster rate. 

[0162] The packing factor may also be related to the resulting 

hematocrit achieved by the system. A target hematocrit of 
80, for example, has been readily achievable with a pack- 
ing factor of preferably between 11 and 16, and again 
preferably about 13. Note, the resulting hematocrit is also 
dependent on the amount of separated plasma which is 
re-mixed with the separated RBCs in the interface control 
outlets, as described herein. 

[0163] At the above noted increased rotational speeds, the chan- 
nel 208 not only provides for achieving an increased 
packing factor, but reduces the impact of this high pack- 



ing factor on the collection efficiency regarding platelet 
collection. Specifically, the configuration of the channel 
208 is selected to reduce the number of platelets that are 
retained within the first stage 312 (in Fig. 8A embodi- 
ment). The configuration of the channel 208 in the first 
stage 208 utilizes a progressively reduced width or sedi- 
mentation distance progressing from the blood inlet slot 
224 to the RBC dam 232. That is, the width of the channel 
208 proximate the blood inlet slot 224 is less than the 
width of the channel 208 proximate the RBC dam 232. 
This configuration of the channel 208 in the first stage 
312 reduces the volume of the "buffy coat" or more 
specifically layer between the RBCs and platelets to be 
collected. As noted, this buffy coat includes primarily 
WBCs and lymphocytes, as well as the radially outward- 
most portion of the platelet layer. The "buffy coat" is 
preferably retained in the first stage 312 during an 
apheresis procedure. Since the volume of the "buffy coat" 
is reduced by the reduced width of the channel 208 proxi- 
mate the RBC dam 232, this reduces the number of 
platelets which are retained in the first stage(Fig. 8A), and 
thus increases the number of platelets which flow to the 
platelet collect well 236 (Fig. 8A). 



[0164] Disposable Set: Blood Processing Vessel 

[0165] The blood processing vessel 352 (or 352a in the Fig. 2C, 
8B embodiment) is disposed within the channel 208 for 
directly interfacing with and receiving a flow of blood in 
an apheresis procedure. The use of the blood processing 
vessel 352/352a alleviates the need for sterilization of the 
channel housing 204 after each apheresis procedure and 
the vessel 352/352a may be discarded to provide a dis- 
posable system. There are initially two important charac- 
teristics regarding the overall structure of the blood pro- 
cessing vessel 352/352a. The blood processing vessel 
352/352a is constructed such that it is sufficiently rigid to 
be free-standing in the channel 208. Moreover, the blood 
processing vessel 352/352a is also sufficiently rigid so as 
to be loaded in the channel 208 having the above- 
identified configuration (i.e., such that the blood process- 
ing vessel 352/352a must be directed through the re- 
duced width upper channel section 292 before passage 
into the larger width mid-channel section 300). However, 
the blood processing vessel 352/352a must also be suffi- 
ciently flexible so as to substantially conform to the shape 
of the channel 208 during an apheresis procedure. 

[0166] | n order to achieve the above-noted characteristics, the 



blood processing vessel 352/352a may be constructed as 
follows. Initially, materials for the blood processing vessel 
352/352a include PVC, PETG, and polyolefins, with PVC 
being preferred. Moreover, the wall of thickness of the 
blood processing vessel 352/352a will typically range be- 
tween about 0.030" and 0.040". Furthermore, the durom- 
eter rating of the body of the blood processing vessel 
352/352a will generally range from about 50 Shore A to 
about 90 Shore A. 
[0167] Referring primarily to Figs. 16-23B, the blood processing 
vessel 352/352a includes a first end 356 and a second 
end 364 which overlaps with the first end 356 and is radi- 
ally spaced therefrom. A first connector 360 is disposed 
proximate the first end 356 and a second connector 368 
is disposed proximate the second end 364. When the first 
connector 360 and second connector 368 are engaged 
(typically permanently), a continuous flow path is available 
through the blood processing vessel 352/352a. This con- 
struction of the blood processing vessel 352/352a facili- 
tates loading in the channel 208 in the proper position 
and as noted also contributes to the automatic control of 
the interface between the separated RBCs and the buffy 
coat or plasma relative to the RBC dam 232. 



[0168] The blood processing vessel 352/352a includes an inner 
sidewall 372 and an outer sidewall 376. In the illustrated 
embodiment, the blood processing vessel 352/352a is 
formed by sealing two pieces of material together (e.g., RF 
welding). More specifically, the inner sidewall 372 and 
outer sidewall 376 are connected along the entire length 
of the blood processing vessel 352/352a to define an up- 
per seal 380 and a lower seal 384. Seals are also provided 
on the ends of the vessel 352/352a. The upper seal 380 is 
disposed in the reduced width upper channel section 292 
of the channel 208, while the lower seal 384 is disposed 
in the reduced width lower channel section 304 of the 
channel 208 (e.g., Fig. This 19F). again reduces the 
stresses on the upper seal 380 and lower seal 384 when a 
flow of blood is provided to the blood processing vessel 
352/352a and pressurizes the same. That is, the upper 
seal 380 and lower seal 384 are effectively supported by 
the channel 208 during an apheresis procedure such that 
a resistance is provided to a "pulling apart" of the upper 
seal 380 and lower seal 384. By utilizing two separate 
sheets to form the blood processing vessel 352/352a, a 
"flatter" profile may also be achieved. This type of profile 
is beneficial during rinseback, and also facilitates loading 



and unloading of the vessel 352/352a relative to the 
channel 208. 

[0169] Blood is introduced into the interior of the blood process- 
ing vessel 352/352a through a blood inlet port assembly 
388 which is more particularly illustrated in Figs 19a-g. 
Initially, the port 392, as all other ports, is welded to the 
blood processing vessel 352/352a over a relatively small 
area. This results in less movement of materials due to 
the welding procedure which provides a smoother surface 
for engagement by the blood and/or blood component 
types. 

[0170] The blood inlet port assembly 388 includes a blood inlet 
port 392 and a blood inlet tube 412 which is fluidly inter- 
connected therewith exteriorly of the blood processing 
vessel 352/352a. The blood inlet port 392 extends 
through and beyond the inner sidewall 372 of the blood 
processing vessel 352/352a into an interior portion of the 
blood processing vessel 352/352a. Generally, the blood 
inlet port assembly 388 is structured to allow blood to be 
introduced into the blood processing vessel 352/352a 
during an apheresis procedure without substantially ad- 
versely affecting the operation of the apheresis system 2. 

[0171] The blood inlet port 392 includes a substantially cylindri- 



cal sidewall 396. A generally vertically extending slot 404 
is disposed proximate an end of the sidewall 396 of the 
blood inlet port 392 such that the slot 404 is substantially 
parallel with the inner sidewall 372 and outer sidewall 376 
of the blood processing vessel 352/352a. The slot 404 
projects in the clockwise direction, and thus directs the 
flow of blood in the channel 208 generally toward the RBC 
dam 232. A vane 400 is positioned on the end of the 
cylindrical sidewall 396, is disposed to be substantially 
parallel with the inner sidewall 322 and thereby directs 
the flow of blood out through the slot 404. As illustrated 
in Fig. 19D, the vane 400 includes a generally V-shaped 
notch on the interior of the blood inlet port 392, the arcu- 
ate extent of which defines the "height" of the slot 404. 
[0172] The desired manner of flow of blood into the blood pro- 
cessing vessel 352/352a during an apheresis procedure is 
subject to a number of characterizations, each of which is 
provided by the above-described blood inlet port assem- 
bly 388. Initially, the flow of blood into the blood pro- 
cessing vessel may be characterized as being at an angle 
of less than 90 degrees relative a reference line which is 
perpendicular to the inner sidewall 372 of the blood pro- 
cessing vessel 352/352a. That is, the blood is injected in 



a direction which is at least partially in the direction of the 
desired flow of blood through the blood processing vessel 
352/352a. Moreover, the desired flow of blood into the 
blood processing vessel 352/352a may be characterized 
as that which reduces the effect on other flow characteris- 
tics within blood processing vessel 352/352a at the blood 
inlet port 392. 

[0173] Separated RBCs 556 again flow along the outer sidewall 

376 of the blood processing vessel 352/352a adjacent the 
outer channel wall 216, past the blood inlet port 392 and 
the RBC outlet port assembly 516 as illustrated in Figs. 
19E and 19G. The desired flow of blood into the blood 
processing vessel 352/352a may then be further charac- 
terized as that which is substantially parallel with at least 
one other flow in the region of the blood inlet port 392 
(e.g., inject the blood substantially parallel with the flow 
of RBCs 556). This manner of introducing blood into the 
blood processing vessel 352/352a may then be further 
characterized as that which does not significantly impact 
at least one other flow in the region of the blood inlet port 
392. 

[0174] a s noted above, the blood inlet port assembly 388 inter- 
faces with the inner sidewall 372 of the blood processing 



vessel 352/352a in a manner which minimizes the dis- 
continuity along the inner channel wall 212 in the region 
of the blood inlet slot 224 in which the blood inlet port 
392 is disposed. Specifically, a shield 408 may be inte- 
grally formed with and disposed about the blood inlet 
port 392. The shield 408 is disposed on an exterior sur- 
face of the blood processing vessel 352/352a and inter- 
faces with its inner sidewall 372. The shield 408 is at least 
in partial overlapping relation with the inner sidewall 372. 
Moreover, in the case where the shield 408 is integrally 
formed with the port 392, it need not be attached to the 
inner sidewall 372. The port 392 is installed asymmetrical 
relative to the shield 408 which is beneficial for manufac- 
turability. All shields and their blood-related ports dis- 
cussed below also include this feature. 
[0175] Generally, the shield 408 is more rigid than the inner 
sidewall 372 of the blood processing vessel 352/352a. 
This increased rigidity may be provided by utilizing a 
more rigid material for the shield 408 than is used for the 
inner sidewall 372. For instance, the durometer rating of 
the material forming the shield 408 may range from about 
90 Shore A to about 130 Shore A, while the durometer 
rating of the material forming the inner sidewall 372 of 



the blood processing vessel 352/352a again ranges from 
about 50 Shore A to about 90 Shore A in one embodi- 
ment. This durometer rating (when the shield 408 and 
port 392 are integrally formed) also enhances the seal be- 
tween the port 392 and the tube installed therein. 
[0176] when the blood inlet port 392 is disposed in the blood in- 
let slot 224 when loading the blood processing vessel 
352/352a in the channel 208, the shield 408 is positioned 
within the recess 228 formed in the inner channel wall 
212. Again, the blood inlet slot 224 intersects with the in- 
ner channel wall 212, and more specifically the recess 
228. That is, the recess 228 contains and is disposed 
about one end of the blood inlet slot 224. Preferably, the 
thickness of the shield 408 is substantially equal to the 
depth or thickness of the recess 228 such that the amount 
of discontinuity along the inner channel wall 212 in the 
region of the blood inlet slot 224 is reduced or mini- 
mized. Due to the increased rigidity of the shield 408 in 
comparison to the materials forming the blood processing 
vessel 352/352a, when the blood processing vessel 
352/352a is pressurized during an apheresis procedure 
the shield 408 restricts movement of the blood processing 
vessel 352/352a and/or the blood inlet port 392 into the 



blood inlet slot 224. That is, the shield 408 restricts and 
preferably minimizes any deflection of the blood process- 
ing vessel 352/352a into the blood inlet slot 224 during 
the procedure. Moreover, with the shield 408 being inte- 
grally formed with the blood inlet port 392, the radial po- 
sition of the vertical slot 404 in the blood inlet port 392 is 
not dependent upon the thickness of the materials form- 
ing the blood processing vessel 352/352a. 
[0177] | n the first stage 312, blood which is provided to the 

blood processing vessel 352/352a by the blood inlet port 
assembly 388 is separated into at least RBCs, and plasma. 
The RBCs, as well as most of the WBCs, are retained within 
the first stage 312 and are preferably precluded from 
flowing in a clockwise direction past the RBC dam 232 
into the second stage 316 or, in the Fig. 8A embodiment, 
into the platelet collect well Instead, the RBCs and WBCs 
are induced to flow along the outer channel wall 216 in a 
counterclockwise direction past the blood inlet port 392 
and toward the RBC outlet port assembly 516 of the blood 
processing vessel 352/352a. That is, the RBC outlet port 
assembly 516 is disposed in a counterclockwise direction 
from the blood inlet port assembly 388. However, as 
noted above, in the Fig. 8A embodiment, the control port 



dam 280 impedes the flow to the buffy coat control port 
assembly 488 to provide a sharp interface between the 
separated RBCs and the plasma proximate the control port 
assembly 488 such that this may be used to control the 
radial position of the interface between the RBCs and the 
buffy coat in the area of the RBC dam 232. In the Fig. 8B 
embodiment on the other hand, the interface is estab- 
lished proximate the RBC/control port 520 as described 
hereinbelow. 

[0178] The RBC outlet port assembly 516 is more specifically il- 
lustrated in Figs. 20A-D and generally includes an RBC 
outlet port 520 and an RBC outlet tube 540 fluidly inter- 
connected therewith exteriorly of the blood processing 
vessel 352/352a. The RBC outlet port 520 extends 
through and beyond the inner sidewall 372 of the blood 
processing vessel 352/352a into an interior portion of the 
blood processing vessel 352/352a. In addition to remov- 
ing separated RBCs from the blood processing vessel 
352/352a during an apheresis procedure, the RBC outlet 
port assembly 516 also functions in combination with the 
control port assembly 488 (Fig. 8A) or by itself (Fig. 8B) to 
automatically control the radial position of the interface 
between separated RBCs and the buffy coat or plasma rel- 



ative to the RBC dam 232 (i.e., to prevent RBCs from flow- 
ing beyond the RBC dam 232) in a manner discussed in 
more detail below. 
[0179] The RBC outlet port 520 is also configured to reduce the 
potential for the flow therethrough being obstructed dur- 
ing rinseback (i.e, during the evacuation of the blood pro- 
cessing vessel 352/352a upon completion of blood com- 
ponent separation and collection process so as to provide 
as much of the contents thereof back to the donor/patient 
4). During rinseback, the rotation of the channel housing 
204 is terminated and a relatively significant drawing ac- 
tion (e.g., by pumping) is utilized to attempt to remove all 
contents from the blood processing vessel 352/352a. The 
end of the RBC outlet port 520 includes a first protrusion 
524 and a second protrusion 528 displaced therefrom, 
with a central recess 532 being disposed therebetween 
which contains the noted orifice 536 for the blood outlet 
port 520. The first protrusion 524 and the second protru- 
sion 528 each extend further beyond the inner sidewall 
372 of the blood processing vessel 352/352a a greater 
distance then the central recess 532/352a. As such, dur- 
ing rinseback if the outer sidewall 376 attempts to contact 
the inner sidewall 372, the first protrusion 524 and sec- 



ond protrusion 528 will displace the central recess 532 
and its orifice 536 away from the outer sidewall 376. This 
retains the orifice 536 in an open condition such that the 
flow therethrough is not obstructed during rinseback. 
[° 18 °] As noted above, the RBC outlet port assembly 516 inter- 
faces with the inner sidewall 372 of the blood processing 
vessel 352/352a in a manner which minimizes the dis- 
continuity along the inner channel wall 212 in the region 
of the RBC outlet 272 in which the RBC outlet port 520 is 
disposed. Specifically, a shield 538 is integrally formed 
with and disposed about the RBC outlet port 520. The 
shield 538 is disposed on an exterior surface of the blood 
processing vessel 352/352a and interfaces with its inner 
sidewall 372. The shield 538 is at least in partial over- 
lapping relation with the inner sidewall 372. Moreover, in 
the case where the shield 538 is integrally formed with 
the port 520, it need not be attached to the inner sidewall 
372. Generally, the shield 538 is more rigid than the inner 
sidewall 372. This increased rigidity may be provided by 
utilizing a more rigid material for the shield 538 than is 
used for the inner sidewall 372. For instance, the durome- 
ter rating of the material forming the shield 538 may 
range from about 90 Shore A to about 130 Shore A, while 



the durometer rating of the material forming the inner 
sidewall 372 of the blood processing vessel 352/352a 
again ranges from about 50 Shore A to about 90 Shore A 
in one preferred embodiment. 
[0181] when the RBC outlet port 520 is disposed in the RBC out- 
let slot 272 when loading the blood processing vessel 
352/352a in the channel 208, the shield 538 is positioned 
within the recess 276 formed in the inner channel wall 
212. Again, the RBC outlet slot 272 intersects with the in- 
ner channel wall 212, and more specifically the recess 
That is, the recess 276 contains and is disposed about 
one end of the RBC outlet slot 272. Preferably, the thick- 
ness of the shield 538 is substantially equal to the depth 
or thickness of the recess 276 such that the amount of 
discontinuity along the inner channel wall 212 in the re- 
gion of the RBC outlet slot 272 is reduced or minimized. 
Due to the increased rigidity of the shield 538 in compari- 
son to the materials forming the blood processing vessel 
352/352a, when the blood processing vessel 352/352a is 
pressurized during an apheresis procedure, the shield 538 
restricts movement of the blood processing vessel 
352/352a and/or the RBC outlet port 520 into the RBC 
outlet slot 272. That is, the shield 538 restricts and 



preferably minimizes any deflection of the blood process- 
ing vessel 352/352a into the RBC outlet slot 272. More- 
over, with the shield 538 being integrally formed with the 
RBC outlet port 520, the radial position of the orificeis not 
dependent upon the thickness of the materials forming 
the blood processing vessel 352/352a. 

[0182] Separated platelets in the embodiment of Fig. 8A, are al- 
lowed to flow beyond the RBC dam 232 and into the sec- 
ond stage 316 of the channel 208 in platelet-rich plasma. 
The blood processing vessel 352 (Fig. 8A) includes a 
platelet collect port assembly 416 to continually remove 
these platelets from the vessel 352 throughout an 
apheresis procedure and such is more particularly illus- 
trated in Figs. 8A, 16, and 21A-B. Generally, the platelet 
collect port assembly 416 is disposed in a clockwise di- 
rection from the blood inlet port assembly 388, as well as 
from the RBC dam 232 when the blood processing vessel 
352 is loaded into the channel 208. Moreover, the platelet 
collect port assembly 416 interfaces with the outer side- 
wall 376 of the blood processing vessel 352. 

[0183] The platelet collect port assembly 416 (Fig. 8A) is dis- 
posed in the platelet support recess 249 and the platelet 
outlet tube recess 254 which are disposed radially out- 



wardly from the portion of the platelet collect well 236 
defined by the outer channel wall 2 16 of the channel 208. 
The platelet collect port assembly 416 generally includes a 
platelet collect port 420 and a platelet collect tube 424 
which is fluidly interconnected therewith exteriorly of the 
blood processing vessel 352. The orifice 422 of the port 
420 may be substantially flush with the interior surface of 
the outer sidewall 376 of the blood processing vessel 352. 
Moreover, the radial position of the orifice 422 is estab- 
lished by engagement of part of the platelet collect port 
420 with boundaries of the recess 249 and/or 254. 
[0184] The platelet collect port 420 (Fig. 8A) is welded to the 
blood processing vessel 352. The thickness of the over- 
lapping portions of the port 420 and vessel 352 are sub- 
stantially equal. The weld area is overheated such that 
there is a mixing of the two materials. This results in the 
platelet collect port 420 being able to flex substantially 
against the outer channel wall 216 when the vessel 352 is 
pressurized. 

[0185] The blood processing vessel 352 (Fig. 8A) and the outer 

channel wall 216 of the channel 210 collectively define the 
platelet collect well 236. The contribution of the blood 
processing vessel 352 to the platelet collect well 236 is 



provided by a substantially rigid support 428 which is dis- 
posed vertically above the platelet collect port 420 and 
hingedly interconnected at location 430 with the outer 
sidewall 376 and/or a mounting plate 426 of the platelet 
collect port 420. The contoured support 428 includes a 
first face 432 and a second face 436 which interface with 
the exterior surface of the outer sidewall 376 of the blood 
processing vessel 352 (i.e., the support overlaps with the 
sidewall 376 of the blood processing vessel 352 and need 
not be attached thereto over the entire interface there- 
with) and which are disposed in different angular posi- 
tions. The upper portion of the first face 432 extends over 
the top of the blood processing vessel 352, while the 
lower portion of the first face 432 generally coincides with 
the upper seal 380 on the blood processing vessel 352. 
The second face 436 interfaces with the outer sidewall 
376 in a region of the fluid-containing volume of the 
blood processing vessel 352 and is the primary surface 
which directs platelets toward the platelet collect port 
420. 

[0186] when the blood processing vessel 352 (Fig. 8A) is pres- 
surized, the support 428 moves into a predetermined po- 
sition defined by portions of the platelet collect recess 



252. Specifically, a third face 440 is retained under an up- 
per lip 254 on the upper perimeter of the platelet support 
recess 249, and the two sides of a fourth face 444 seat 
against a shoulder 252 disposed on each side of the 
platelet support recess 249. A platelet tubing notch 448 is 
formed in the support 428 at generally the intersection 
between the third face 440 and the fourth face 444. The 
platelet collect tube 426 thus may extend out from the 
platelet collect port 420, up the platelet collect tube re- 
cess 254, against the platelet tube notch 448 if necessary, 
and above the channel housing 204 to pass down through 
the central opening 328 therein. 

[0187] | n order to increase the purity of platelets that are col- 
lected, a platelet purification system as described in U.S. 
Patent Application Serial Nos. 08/423,578 and corre- 
sponding U.S. Patent No. 5,674,173; 5,906,570; inter alia, 
and 08/423,583 may be disposed in the platelet collect 
tube 424 of the embodiment of Figs. 2A-2B and 8A, and 
the entire disclosures of these patent documents are in- 
corporated by reference in their entirety herein. 

[0188] platelet-poor plasma flows beyond the platelet collect well 
236 (Fig. 8A) and/or beyond the dam 232 (Fig. 8B) and to 
the plasma outlet port assembly 452. Here, some of the 



platelet-poor plasma may be removed from the blood 
processing vessel 352/352a and collected, although this 
"separated" plasma may also be returned the donor/pa- 
tient 4 in some instances. The plasma port 456 is also 
used in the blood priming of the vessel 352/352a in that 
air is removed from the vessel 352/352a through the 
plasma port 456. Referring to Fig. 22, the plasma outlet 
port assembly 452 includes a plasma outlet port 456 and 
a plasma outlet tube 476 which is fluidly interconnected 
therewith exteriorly of the blood processing vessel 
352/352a. The plasma outlet port 456 extends through 
and beyond the inner sidewall 372 of the blood process- 
ing vessel 352/352a into an interior of the blood process- 
ing vessel 352/352a. The plasma outlet port 456 is dis- 
posed between the second end 364 of the blood process- 
ing vessel 352/352a and the second connector 368. 
[0189] The plasma outlet port 456 is configured to reduce the 

potential for the flow therethrough being obstructed dur- 
ing rinseback (i.e., during evacuation of the blood pro- 
cessing vessel 352/352a upon completion of an apheresis 
procedure so as to provide as much of the contents 
thereof back to the donor/patient 4). During rinseback, 
the rotation of the channel housing 204 is terminated and 



a relatively significant drawing action (e.g., by pumping) is 
utilized to attempt to remove all contents from the blood 
processing vessel The end of the plasma outlet port 456 
includes a first protrusion 460 and a second protrusion 
464 displaced therefrom, with a central recess 468 being 
disposed therebetween which contains an orifice 472 for 
the plasma outlet port 456. The first protrusion 460 and 
the second protrusion 464 each extend further beyond 
the inner sidewall 372 of the blood processing vessel 
352/352a a greater distance then the central recess 468. 
As such, during rinseback if the outer sidewall 376 at- 
tempts to contact the inner sidewall 372, the first protru- 
sion 460 and second protrusion 464 will displace the cen- 
tral recess 468 and its orifice 472 away from the outer 
sidewall 376. This retains the orifice 472 in an open con- 
dition such that the flow therethrough is not obstructed 
during rinseback. 
[0190] | n order to further assist in withdrawal from the blood 
processing vessel 352/352a after completion of an 
apheresis procedure and thus during rinseback, a first 
passage 480 and a second passageway 484 (see Figs. 8A, 
8B and 16) are formed in the blood processing vessel 
352/352a (e.g., via heat seals, RF seals) and generally ex- 



tend downwardly from the plasma outlet port 456 toward 
a lower portion of the blood processing vessel 352/352a. 
The first passageway 480 and second passageway 484 are 
disposed on opposite sides of the plasma outlet port 456. 
With this configuration, a drawing action through the 
plasma outlet port 456 is initiated in a lower portion of 
the blood processing vessel 352/352a at two displaced 
locations. 

[0191] Some of the separated plasma is also utilized to automati- 
cally control the location of the interface between sepa- 
rated RBCs and the buffy coat or plasma in the first stage 
312, specifically the radial position of this interface rela- 
tive to the RBC dam 232. Plasma which provides this in- 
terface control function is removed from the blood pro- 
cessing vessel 352 by a control port assembly 488 in the 
embodiment of Figs. 2A-2B and 8A, and which is illus- 
trated in Figs. 23A-B. (Again, the embodiment of Figs. 
2C-2D and 8B does not preferably have a control port as- 
sembly 488.) The control port assembly 488 is disposed 
in a clockwise direction from the plasma outlet port as- 
sembly 452 and proximate the RBC outlet port assembly 
516, and thus between the first end 284 of the channel 
208 and the RBC outlet port assembly 516. This plasma 



thus flows from the second stage 316 and into the third 
stage 320 to provide this function. 
[0192] The control port assembly 488 (Fig. 8A) generally includes 
a control port 492 and control port tube 512 which is flu- 
idly interconnected therewith exteriorly of the blood pro- 
cessing vessel 352. The control port 492 extends through 
and beyond the inner sidewall 372 of the blood process- 
ing vessel 352 into an interior portion of the blood pro- 
cessing vessel 352. The radial positioning of the orifice 
504 of the control port 492 is not dependent upon the 
thickness of the material forming the blood processing 
vessel Instead, the control port 492 includes a shoulder 
496 which engages or seats upon structure within the 
control port slot 264 to accurately place the orifice 504 at 
a predetermined radial position within the channel 208. 
Moreover, this predetermined radial position is substan- 
tially maintained even after the blood processing vessel is 
pressurized. In this regard, the control port assembly 488 
interfaces with the inner sidewall 372 of the blood pro- 
cessing vessel 352 in a manner which minimizes the dis- 
continuity along the inner channel wall 212 in the region 
of the control port slot 264 in which the control port 492 
is disposed. Specifically, a shield 508 is integrally formed 



with and disposed about the control port 492. The shield 
508 is disposed on an exterior surface of the blood pro- 
cessing vessel 352 and interfaces with its inner sidewall 
372. The shield 508 is at least in partial over-lapping re- 
lation with the inner sidewall 372. Moreover, in the case 
where the shield 508 is integrally formed with the port 
492, it need not be attached to the inner sidewall 372. 
Generally, the shield 508 is more rigid than the inner 
sidewall 372 and this assists in maintaining the orifice 
504 of the control port 492 at the desired radial position 
within the channel 208. This increased rigidity may be 
provided by utilizing a more rigid material for the shield 
508 than is used for the inner sidewall 372. For instance, 
the durometer rating of the material forming the shield 
508 may range from about 90 Shore A to about 130 Shore 
A, while the durometer rating of the material forming the 
inner sidewall 372 of the blood processing vessel 352 
again ranges from about 50 Shore A to about 90 Shore A 
in one embodiment. 
[0193] The control port assembly 488 (Fig. 8A) and/or the RBC 
outlet port assembly 516 (by itself in the Fig. 8B embodi- 
ment) function in combination to control the radial posi- 
tion of the interface between separated RBCs and the 



buffy coat or plasma relative to the RBC dam 232. In the 
Fig. 8A embodiment, two structural differences between 
the RBC outlet port assembly 516 and the control port as- 
sembly 488 contribute to achieving this automatic control. 
Initially, the orifice 536 to the RBC outlet port 520 is dis- 
posed further into the interior of the blood processing 
vessel 352 than the control port 492. In one embodiment, 
the orifice 536 of the RBC outlet port 520 is disposed 
more radially outwardly than the orifice 504 of the control 
port 492. Moreover, the diameter of the RBC outlet tube 
540 is greater than that of the control port tube 512. In 
one embodiment, the inner diameter of the RBC outlet 
tube 54 is about 0.094", while the inner diameter of the 
control port tube 512 is about 0.035". The control port 
tube 512 and RBC outlet tube 540 also join into a com- 
mon return tube 546 via a three-way tubing jack 544 
which further assists in providing the automatic interface 
control feature. 

[0194] The automatic interface position control is provided as 

follows utilizing the RBC outlet port assembly 516 and the 
control port assembly 488 in Fig. 8A. Initially, there are 
two interfaces in the channel 208 of significance with re- 
gard to this automatic interface position control feature. 



One of these interfaces is the RBC/buffy coat interface in 
relation to the RBC dam 232. However, there is also an 
RBC/plasma interface in the region of the control port as- 
sembly 488 which again is available through use of the 
control port dam 280. The control port dam 280 allows 
substantially only RBCs to flow to the control port assem- 
bly 488 in a counterclockwise direction. 
[0195] | n the event that the interface between the RBCs and 

plasma moves radially inwardly toward the rotational axis 
324, RBCs will begin flowing out the control port tube 512 
in addition to the RBC outlet tube 540. This decreases the 
flow through the smaller diameter control port tube 512 
due to the higher viscosity and density of the RBCs com- 
pared to the plasma which typically flows through the 
control port tube 512. Consequently, the flow through the 
larger diameter RBC outlet tube 540 must increase since 
the flow through the return tube 546 must remain the 
same. This removes more RBCs from the first stage 312 
such that both the interface between the RBCs and the 
buffy coat in relation to the RBC dam 232 and the inter- 
face between the RBCs and the plasma both move radially 
outwardly. That is, this changes the radial position of each 
of these interfaces. As such, the potential for RBCs flowing 



beyond the RBC dam 232 and into the platelet collect well 
236 is reduced. 

[0196] | n the event that the location of the interface between the 
RBCs and plasma progresses radially outward, the flow 
through the control port tube 512 will increase since the 
quantity of RBCs exiting the blood processing vessel 352 
through the control port 512 will have decreased. Since 
the flow through the return tube 546 must remain the 
same, this results in a decrease in the flow of RBCs 
through the RBC outlet tube 540. This reduces the num- 
ber of RBCs being removed from the channel 208 such 
that both the interface between the RBCs and the buffy 
coat in relation to the RBC dam 232 and the interface be- 
tween the RBCs and the plasma both move radially in- 
wardly. That is, this changes the radial position of each of 
these interfaces. 

[0197] The above-described tubes which interface with the blood 
processing vessel 352 of the embodiment of Figs. 2A-2B 
and 8A, namely the blood inlet tube 412, the platelet col- 
lect tube 424, the plasma outlet tube 476, the return tube 
546, each pass downwardly through the central opening 
328 in the channel housing 204. A tubing jacket 548 is 
disposed about these various tubes and protects such 



tubes during rotation of the channel housing 204. These 
tubes are also fluidly interconnected with the extracorpo- 
real tubing circuit 10 which again provides for fluid com- 
munication between the donor/patient 4 and the blood 
processing vessel 352. 
[0198] The blood processing vessel 352/352a also includes fea- 
tures for loading and unloading the same from the chan- 
nel 208. Referring back to Fig. 16, the vessel 352/352a 
includes at least one and preferably a plurality of tabs 
552. The tabs 552 may be integrally formed with the 
blood processing vessel 352/352a (e.g., formed by the 
seal which also forms the upper seal 380). However, the 
tabs 552 may also be separately attached. The tabs 552 
nonetheless extend vertically above the fluid-containing 
volume of the blood processing vessel 352/352a, prefer- 
ably a distance such that the tabs 552 actually project 
above the channel housing 204. The tabs 552 thereby 
provide a convenient non-fluid-containing structure for 
the operator to grasp and load/remove the blood pro- 
cessing vessel 352/352a into/from the channel 208 (e.g., 
they provide structure for the operator to grasp which has 
had no blood-related flow therethrough during the 
apheresis procedure). The tabs 552 are particularly useful 



since there may be resistance provided to a loading and 
an unloading of the blood processing vessel 352/352a 
into/from the channel 208. 
[0199] Centrifuge Rotor Assembly 

[0200] The channel assembly 200 is mounted on the centrifuge 
rotor assembly 568 which rotates the channel assembly 
200 to separate the blood into the various blood compo- 
nent types by centrifugation. The centrifuge rotor assem- 
bly 568 is principally illustrated in Figs. 24-25 and gener- 
ally includes a lower rotor housing 584 having a lower 
gear 588. An input or drive shaft 576 is disposed within 
the lower rotor housing 584 and is rotatably driven by an 
appropriate motor 572. The input/drive shaft 576 in- 
cludes a platform 580 mounted on an upper portion 
thereof and a rotor body 592 is detachably interconnected 
with the platform 580 such that it will rotate therewith as 
the input/drive shaft 576 is rotated by the motor 572. 

[0201] The centrifuge rotor assembly 568 further includes an up- 
per rotor housing 632 which includes a mounting ring 
644 on which the channel housing 204 is positioned. In 
order to allow the channel housing 204 to rotate at twice 
the speed of the rotor body 592, the upper rotor housing 
632 and lower rotor housing 584 are rotatably intercon- 



nected by a pinion assembly 612. The pinion assembly 
612 is mounted on the rotor body 592 and includes a pin- 
ion mounting assembly 616 and a rotatable pinion 620. 
The pinion 620 interfaces with the lower gear 588 and a 
driven gear 636 which is mounted on the mounting ring 
644. The gear ratio is such that for every one revolution of 
the rotor body 592 the upper rotor housing 632 rotates 
twice. This ratio is desired such that no rotary seals are 
required for the tubes interfacing with the blood process- 
ing vessel In one embodiment, the lower gear 588, the 
pinion 620, and the driven gear 636 utilize straight bevel 
gearing. 

[0202] The centrifuge rotor assembly 568 is also configured for 
easy loading of the blood processing vessel 352/352a in 
the channel 208 of the channel housing 204. In this re- 
gard, the rotor body 592 includes a generally L-shaped 
blood processing vessel loading aperture 597. The aper- 
ture 597 includes a lower aperture 600 which extends 
generally horizontally into the rotor body 592 through its 
sidewall 596 of the rotor body 592, but only partially 
therethrough. The perimeter of the lower aperture 600 is 
defined by a left concave wall 601, a back concave wall 
603, and a right concave wall 602. 



[0203] The loading aperture 597 also includes an upper aperture 
598 which intersects with the lower aperture 600 at 599 
and extends upwardly through an upper portion of the ro- 
tor body 592. The upper aperture 598 is aligned with a 
generally vertically extending central opening 640 in the 
upper rotor housing 632. As noted above, the channel 
housing 204 also includes a central opening 328. As such, 
a blood processing vessel 352/352a may be folded if de- 
sired, inserted into the lower aperture 600, deflected up- 
wardly by the back concave wall 603, through the upper 
aperture 598, through the central opening 640 in the up- 
per rotor housing 632, and through the central opening 
328 of the channel housing 204. The operator may then 
grasp the blood processing vessel 352/352a and load the 
same in the channel 208. 

[0204] The centrifuge rotor assembly 568 includes a number of 
additional features to facilitate the loading of the blood 
processing vessel 352/352a in the channel 208. Initially, 
the pinion 620 is radially offset in relation to the lower 
aperture 600 of the rotor body 592. In one embodiment, a 
reference axis laterally bisects the lower aperture 600 and 
may be referred to as the "zero axis". The axis about 
which the pinion 620 rotates is displaced from this "zero 



axis" by an angle a of about 40 degrees in the illustrated 
embodiment (see Fig. 25A). An angle a of -40 degrees 
could also be used. Positioning the pinion 620 at an angle 
of "greater" than ±40 degrees will result in the pinion 620 
beginning to interfere with the access to the loading aper- 
ture 597. Although the angle a may be less than 40 de- 
grees and may even be 0 degrees, having the pinion 620 
at 0 degrees will result in the counterweights 608 poten- 
tially interfering with the access to the loading aperture 
597. Based upon the foregoing, in Fig. 25 the pinion as- 
sembly 612 has therefore been rotated about the axis 
which the centrifuge rotor assembly 568 rotates for ease 
of illustration. 

[0205] since only a single drive gear is utilized to rotate the up- 
per rotor housing 632 relative to the rotor body 592, an 
upper counterweight 604 and lower counterweight 608 
are disposed or detachably connected to the rotor body 
592 proximate the upper and lower extremes of the lower 
aperture 600. Due to the offset positioning of the pinion 
620 in relation to the lower aperture 600, the upper and 
lower counterweights 604, 608 are also radially offset in 
relation to the lower aperture 600. That is, the upper and 
lower counterweights 604, 608 are "off to the side" in re- 



lation to the lower aperture 600 such that access thereto 
is not substantially affected by the counterweights 604 
and 608. A tube mounting arm 624 is also appropriately 
attached to the rotor body 592 and engages the tubing 
jacket 548. The tubing mounting arm 624 serves to fur- 
ther the rotational balance of the rotor body 592. 

[0206] Another feature of the centrifuge rotor assembly 568 

which contributes to the loading of the blood processing 
vessel 352/352a upwardly through the rotor body 592 is 
the size of the lower aperture 600. As illustrated in Fig. 
25B, the "width" of the lower aperture may be defined by 
an angle 9 which may range from about 70 degrees to 
about 90 degrees, and in the illustrated embodiment is 
about 74 degrees. The back wall 603, left wall 601 and 
right wall 602 are also defined by a radius ranging from 
about "1.75" to about "2.250", and in the illustrated em- 
bodiment this radius is between about "2.008" and about 
"2.032". 

[0207] Apheresis Protocol 

[0208] a first alternative protocol which may be followed for per- 
forming an apheresis procedure on a donor/patient 4 uti- 
lizing the above-described system 2 will now be summa- 
rized. Initially, an operator loads the cassette assembly 



110 onto the pump/valve/sensor assembly 1000 of the 
blood component separation device 6 and hangs the vari- 
ous bags (e.g., bags 104, 94, 84, and/or 954) on the 
blood component separation device 6. The operator then 
loads the blood processing vessel 352 (e.g., Figs. 2A, 2B 
and 8a) within the channel 208 which is disposed on the 
channel housing 204 which is in turn mounted on the 
centrifuge rotor assembly 568, particularly the mounting 
ring 644. More specifically, the operator may fold the 
blood processing vessel 352 and insert the same into the 
blood processing vessel loading aperture 597 on the rotor 
body 592. Due to the arcuately-shaped, concave configu- 
ration of the loading aperture 597, specifically the lower 
aperture 600, the blood processing vessel 352 is de- 
flected upwardly through the upper aperture 598, the 
central opening 640 in the upper rotor housing, and the 
central opening 328 in the channel housing 294. The op- 
erator then grasps the blood processing vessel 352 and 
pulls it upwardly away from the channel housing 204. 
[0209] once the blood processing vessel 352 has been installed 
up through the centrifuge rotor assembly 568, the opera- 
tor loads the blood processing vessel 352 into the channel 
208 on the channel housing 204. The operator generally 



aligns the blood processing vessel 352 relative to the 
channel 208 (e.g., such that the blood inlet port 392 is 
vertically aligned with the blood inlet slot 224, such that 
the platelet collect port 420 is vertically aligned with the 
platelet support recess 249 and the platelet collect tube 
recess 254 (in the embodiment of Figs. 2A-2B), such that 
the plasma outlet port 456 is vertically aligned with the 
plasma outlet slot 256, such that the control port 492 is 
vertically aligned with the control port slot 264 (also per 
Figs. 2A-2B), and such that the RBC outlet port 520 is 
vertically aligned with the RBC outlet slot 272). Once 
again, the interconnection of the first connector 360 and 
second connector 368, which is preferably fixed, facili- 
tates the loading of the blood processing vessel 352, as 
well as the existence of the chamfer 210. 
[0210] with the blood processing vessel 352 properly aligned, 
the operator directs the blood processing vessel 352 
through the reduced width upper channel section 292 of 
the channel 208 until the blood processing vessel 352 hits 
the channel base 220. In this case, the longitudinal extent 
of the blood processing vessel 352 located in the portion 
of the channel 208 which includes the first stage 312, the 
RBC dam 232, and the platelet/plasma collect or second 



stage 316 will be disposed as follows: 1) the upper seal 
380 will be disposed in the upper channel section 292; 2) 
the fluid-containing volume of the blood processing ves- 
sel 352 will be disposed in the mid channel section 300; 
and 3) the lower seal 384 will be disposed in the lower 
channel section 304. The above-noted ports will also be 
disposed in their respective slots in the channel housing 
204 by the operator at this time. Moreover, the shield 408 
associated with the blood inlet port assembly 388 will be 
disposed in the recess 228 associated with the blood inlet 
slot 224. Similarly, the shield 538 associated with the RBC 
outlet port assembly 516 will be disposed in the recess 
276 associated with the RBC outlet slot 272. Furthermore, 
the shield 508 associated with the control port assembly 
488 will be disposed in the recess 268 associated with the 
control port slot 264 (according to the embodiment of 
Figs. 2A-2B). 

[0211] with the extracorporeal tubing circuit 10 and the blood 
processing vessel 352 loaded in the above-described 
manner, the circuit 10 and vessel 352 may first be pres- 
sure-tested to verify that there are no leaks. The donor/ 
patient 4 is then fluidly interconnected with the extracor- 
poreal tubing circuit 10 (by inserting an access needle 32 



into the donor/patient 4). Moreover, the anticoagulant 
tubing 54 is primed between the anticoagulant supply 
(which interfaces with the spike drip member 52) and the 
manifold 48. Furthermore, blood return/replacement de- 
livery tubing 28 is primed with blood from the donor/pa- 
tient 4 by running the blood return/replacement delivery 
peristaltic pump 1090 pump in reverse to draw blood 
from the donor/patient 4, through the blood return tubing 
28, and into the reservoir 150 until blood is detected by 
the low level sensor 1320. 
[0212] The blood processing vessel 352 must also be primed for 
the apheresis procedure. In one embodiment, a blood 
prime may be utilized in that blood will be the first liquid 
introduced into the blood processing vessel 352. The flow 
of blood from the donor/patient 4 to the extracorporeal 
tubing circuit 10 is initiated with the centrifuge rotor as- 
sembly 568 rotating the channel housing 204 at a rota- 
tional velocity of from about 150 RPM to about 250 RPM 
for a rotor diameter of about 10", and typically about 200 
RPM. This lower rotational velocity not only reduces the 
potential for air locks developing the in the blood pro- 
cessing vessel 352, but also minimizes any preheating of 
the blood processing vessel 352. The rotational velocity in 



this "first stage" need not be fixed, but may vary. 

[0213] Once the flow of blood reaches the blood processing ves- 
sel 352, the rotational speed of the channel housing 204 
is increased from about 1,500 RPM to about 2,500 RPM 
for a rotor diameter of about 10", preferably about 2000 
RPM, such that blood being provided to the blood pro- 
cessing vessel 352 will be separated into the various 
blood component types even during the priming proce- 
dure. Once again, in this "second stage", the rotational 
velocity need not be fixed, but may vary. In order for a 
blood prime to be successful in the first embodiment, a 
flow must be provided to the control port assembly 488 
before any RBCs flows beyond the RBC dam 232 in a 
clockwise direction. This is again provided by the configu- 
ration of the channel 208. When there is no control port 
assembly 488 (see Figs. 2C-2D), a plasma flow first desir- 
ably reaches the RBC/control port 520 before RBCs flow 
over or beyond the RBC dam 232 (although this is less im- 
portant in this embodiment as described below). 

[0214] importantly, during this "second stage" of the blood prim- 
ing procedure, air present in the blood processing vessel 
352 is removed from the blood processing vessel 352 and 
due to the noted rotational velocities in this "second 



stage", the potential for air locks is also reduced. More 
specifically, air which is present in the blood processing 
vessel 352 is less dense than the whole blood and all of 
its blood component types. As noted above, the radially 
inwardmost portion of the inner channel wall 212 is at the 
intersection between the plasma outlet slot 256 and the 
inner channel wall 212. Consequently, the air present in 
the blood processing vessel 352 collects near the plasma 
outlet port 456 and is removed from the blood processing 
vessel 352 through the plasma outlet tubing 476, and is 
provided to the vent bag 104. 

[0215] when the blood processing vessel 352 contains blood 

and/or blood components throughout its entirety, the ro- 
tational velocity of the channel housing 204 is increased 
to its normal operation speed from about 2,750 RPM to 
about 3,250 RPM for a rotor diameter of about 10", and 
preferably about 3,000 RPM. This completes the blood 
priming procedure. 

[0216] During the above-noted blood priming procedure, as well 
as throughout the remainder of the apheresis procedure, 
blood component types are separated from each other 
and removed from the blood processing vessel 352 on a 
blood component type basis. At all times during the 



apheresis procedure, the flow of whole blood is provided 
to the blood processing vessel 352 through the blood in- 
let port assembly 416 and is directed to the first stage 
312. The control port dam 280 again reduces the poten- 
tial for blood flowing in a counterclockwise direction in 
the channel 208 in the Fig. 8A embodiment. Other de- 
tailed differences of blood priming between the embodi- 
ments disclosed herein will be further addressed below. 

[0217] | n the first stage 312, blood is separated into a plurality of 
layers of blood component types including, from the radi- 
ally outermost layer to the radially innermost layer, RBCs, 
WBCs, platelets, and plasma. As such, the RBCs sediment 
against the outer channel wall 216 in the first cell separa- 
tion stage 312. By configuring the RBC dam 232 such that 
it is a section of the channel 210 which extends further 
inwardly toward the rotational axis 324 of the channel 
housing 204, this allows the RBC dam 232 to retain sepa- 
rated red blood cells in the first stage 312. 

[0218] Separated RBCs are removed from the first stage 312 uti- 
lizing the above-noted configuration of the outer channel 
wall 216 which induces the RBCs to flow in a counter- 
clockwise direction (e.g., generally opposite to the flow of 
blood through the first cell separation stage 312). That is, 



the portion of the channel 208 proximate the RBC outlet 
port assembly 516 is disposed further from the rotational 
axis 324 of the channel housing 204 than that portion of 
the channel 210 proximate the RBC dam 232. As such, 
separated RBCs flow through the first stage 312 in a 
counterclockwise direction along the outer channel wall 
216, past blood inlet port assembly 388 on the blood 
processing vessel 352 and to an RBC outlet port assembly 
516. Since the vertical slot 404 of the blood inlet port 392 
is substantially parallel with the inner channel wall 212, 
the outer channel wall 216, the inner sidewall 372 of the 
blood processing vessel 352 and the outer sidewall 376 of 
the blood processing vessel 352, since it directs the flow 
of blood in a clockwise direction in the channel 208 and 
thus toward the RBC dam 232, and since it is disposed 
proximate the inner channel wall 212, the introduction of 
blood into the blood processing vessel 352 does not sub- 
stantially affect the flow of RBCs along the outer channel 
wall 216. Consequently, RBCs effectively flow undisturbed 
past the blood inlet port 392 and to the RBC outlet port 
assembly 516 for removal from the blood processing ves- 
sel 352. These RBCs may either be collected and/or pro- 
vided back to the donor/patient 4. 



[0219] An embodiment such as the first embodiment described 
herein (corresponding to Figs. 2A-2B and Fig. 8A) may 
make use of the fact that platelets are less dense then 
RBCs and are thus able to flow beyond the RBC dam 232 
when the RBC/buffy coat interface is disposed sufficiently 
close to the dam 232 (i.e., sufficiently radially inwardly 
disposed to be near the top of the dam 232). These 
platelets would then flow to the platelet collect well 236 in 
platelet-rich plasma where they are removed from the 
blood processing vessel 352 by the platelet collect port 
assembly 416. Again, the blood processing vessel 352 via 
the support 428 and the outer channel wall 216 would 
collectively define the platelet collect well 236 when the 
blood processing vessel 352 is pressurized. That is, part 
of the platelet collect well 236 is defined by the lower face 
240 and side faces 244, 248 formed in the outer channel 
wall 216, while the remainder thereof is defined by the 
second face 436 of the support 428 when the support 428 
is moved into a predetermined position within and against 
portions of platelet support recess 249 upon pressuriza- 
tion of the blood processing vessel 352. 

[0220] platelet-poor plasma is less dense than the platelets and 
would continue to flow in a clockwise direction through 



the second stage 316 to the plasma outlet port assembly 
452 where at least some of the plasma is removed from 
the blood processing vessel 352. This plasma may be col- 
lected and/or returned to the donor/patient 4. However, 
some of the plasma flow continues in the clockwise direc- 
tion into and through the third stage 320 to the control 
port assembly 488 to provide for automatic control of the 
location of the interface between the RBCs and platelets in 
the above-described manner. As described further below, 
preferably all of the plasma which flows over the RBC dam 
232 in the second embodiment herein (Figs. 2C-2D) 
would be platelet-poor and flow to the plasma outlet port 
assembly 452 as above, as well as to the RBC/control out- 
let port 520 even though there is no control port assem- 
bly 488. 

[0221] p|atelet/RBC (and potential Plasma) Collection 

[0222] As noted, a preferred blood apheresis system 2 provides 
for contemporaneous separation of a plurality of blood 
components during blood processing, including the sepa- 
ration of red blood cells (RBCs), platelets and plasma. In 
turn, such separated blood components may be selectively 
collected in corresponding storage reservoirs (or bags) or 
immediately returned to the donor/patient 4 during a 



blood return submode. In this regard, and in one ap- 
proach where at least platelets and/or both platelets and 
RBCs (and/or potentially plasma) are to be collected (see 
the embodiment of Figs. 2A-2B), blood apheresis system 
2 may be advantageously employed to collect platelets, 
and if desired separated plasma, during a time period(s) 
separate from the collection of red blood cells. In this 
manner, the collection of both high quality platelet units 
and high quality red blood cell units can be realized. 
[0223] Moreover, the procedures described herein are preferably 
carried out using blood priming of extracorporeal tubing 
circuit 10 and blood processing vessel 352. Also, the pre- 
ferred blood processing here provides for the collection of 
platelets in reservoir 84 during a first period and the col- 
lection of red blood cells in reservoir 954 during a second 
period (Figs. 2A-2B). Plasma collection in reservoir 94 may 
also be selectively completed during the first period. Dur- 
ing the platelet blood processing period and successive 
RBC collection procedure, blood component separation 
device 6 will control the initiation and termination of suc- 
cessive blood removal and blood return submodes, as de- 
scribed hereinabove. Additionally, blood component sep- 
aration device 6 will control the platelet and RBC collec- 



tion processes according to a predetermined protocol, in- 
cluding control over the divert valve assemblies 1100, 
1110 and 1120 of the pump/valve/sensor assembly 1000. 
[0224] More particularly, following blood priming, blood separa- 
tion control device 6 provides control signals to pump/ 
valve/sensor assembly 1000 so that in the embodiment of 
Figs. 2A-2B, platelet divert valve assembly 1100 diverts 
the flow of separated platelets pumped through platelet 
outlet tubing 66 and platelet tubing loop 142 into platelet 
collection tubing 82 for collection in reservoir 84. If 
plasma collection is desired, blood component separation 
device 6 also provides control signals so that plasma di- 
vert valve 11 10 diverts the flow of separated plasma 
pumped through plasma outlet tubing 68 and plasma 
tubing loop 162 into plasma collector tubing 92 for col- 
lection in reservoir 94. Additionally, RBC/plasma divert 
valve assembly 1120 will continue to divert the flow of 
separated RBCs flowing through outlet tubing 64 through 
return tubing loop 172 and into blood return reservoir 
150. Platelet collection is carried out as previously dis- 
cussed hereinabove, with a packing factor in the second 
stage of vessel 352 maintained at between about 4 and 
15, and most preferably at about 13. When the desired 



volumes of platelets and plasma have been collected, 
blood component separation device 6 will selectively con- 
trol divert assembliesand 1110 to divert the flow of 
platelets and plasma into reservoir 150. 

[0225] Preferably following completion of platelet and plasma 
collection (in the embodiment of Figs. 2A-2B), the RBC 
collection procedure is initiated via control signals pro- 
vided by blood collection device 6. Such RBC collection 
procedure includes a setup phase and a collection phase. 
During the setup phase, the blood apheresis system 2 is 
adjusted to establish a predetermined hematocrit in those 
portions of the blood processing vessel 352 and extracor- 
poreal tubing circuit 10 through which separated RBCs will 
pass for collection during the RBC collection phase. 

[0226] More particularly, during the setup phase, and in order to 
realize a predetermined hematocrit of at least about 75%, 
for example, and more preferably at about 80%, the pack- 
ing factor in the first stage 312 of the blood processing 
vessel 352 is established at between about 11 and about 
21, and most preferably at about 13. Additionally, the AC 
ratio (i.e., the ratio between the inlet flow rate to vessel 
352 (including whole blood plus anticoagulant AC) and 
the AC flow rate into tubing circuit 10) will be established 



within the range of about 6 to 16, and most preferably at 
about 8.14 (particularly in the U.S.). Further, the total un- 
collected plasma flow rate through blood processing ves- 
sel 352 and extracorporeal tubing circuit 10 will be estab- 
lished at a predetermined level. These adjustments are 
carried out in simultaneous fashion to establish the de- 
sired hematocrit in an expeditious manner. As will be ap- 
preciated, the adjusted AC ratio and predetermined 
hematocrit should be maintained during the subsequent 
RBC collection phase. 

[0227] During the set-up phase, blood component separation 
device 6 provides appropriate control signals to the 
pump/valve/sensor assembly 1000 such that all separated 
blood components flowing out of processing vessel 352 
will pass to return reservoir 150. Also, blood component 
separation device 6 will continue operation of blood inlet 
pump assembly 1030, including operation during each 
blood return submode. 

[0228] | n order to establish the desired packing factor, the oper- 
ating speed of centrifuge rotor assembly 568 may be se- 
lectively established via control signals from blood com- 
ponent separation device 6, and the blood inlet flow rate 
to vessel 352 may be selectively controlled via control by 



blood component separation device 6 over pump assem- 
bly 1030. More particularly, as mentioned above, increas- 
ing the rpms of centrifuge rotor assembly 568 and/or de- 
creasing the inlet flow rate will tend to increase the pack- 
ing factor, while decreasing the rpms and increasing the 
flow rate will tend to decrease the packing factor. As can 
then be appreciated, the blood inlet flow rate to vessel 
352 is effectively limited by the desired packing factor. 

[0229] jo establish the desired AC ratio, blood component sepa- 
ration device 6 provides appropriate control signals to an- 
ticoagulant peristaltic pump 1020 so as to introduce anti- 
coagulant into the blood inlet flow at a predetermined 
rate, as previously described hereinabove. Relatedly, in 
this regard, it should be noted that the inlet flow rate of 
anticoagulated blood to blood processing vessel 352 is 
limited by a predetermined, maximum acceptable antico- 
agulant infusion rate (ACIR) to the donor/patient 4. As will 
be appreciated by those skilled in the art, the predeter- 
mined ACIR may be established on a donor/pa- 
tient-specific basis (e.g., to account for the particular total 
blood volume of the donor/patient 4). 

[0230] jo establish the desired total uncollected plasma flow rate 
out of blood processing vessel 352, blood collection de- 



vice 6 provides appropriate control signals to plasma 
pump assembly 1060 and platelet pump assembly 1040. 
Relative to platelet collection, such control signals will 
typically serve to increase plasma flow through plasma 
outlet port 456, and thereby reduce plasma flow with 
RBCs through RBC outlet port 520. This serves to increase 
the hematocrit in the separated RBCs. Additionally, it is 
preferable for blood processing device 6 to provide con- 
trol signals to platelet pump assembly 1040 so as to es- 
tablish a predetermined flow rate wherein platelets and 
some plasma pass together through platelet port 420, 
thereby reducing platelet clumping downstream in tubing 
circuit 10. In this regard, such predetermined rate will be 
limited by the diameter of the platelet outlet tubing 66 
and the size of the internal channels (e.g., 140a, 140b) 
within molded cassette 110. 
[0231] | n one embodiment, where centrifuge rotor assembly 568 
defines a rotor diameter of about 10 inches, and where a 
blood processing vessel 352 (Figs. 2A-2B) is utilized, as 
described hereinabove, it has been determined that chan- 
nel housing 204 can be typically driven at a rotational ve- 
locity of about 3000 rpms to achieve the desired hemat- 
ocrit during the setup and blood collection phases. Corre- 



spondingly, the blood inlet flow rate to vessel 352 should 
be established at or below about 64.7 ml/min. The de- 
sired hematocrit can be reliably stabilized by passing 
about two whole blood volumes of either reservoir 150 (in 
cassette 110) or reservoir 352 through the respective 
reservoir before the RBC collection phase is initiated. 
[0232] jo initiate the RBC collection phase, blood component 

separation device 6 provides an appropriate control signal 
to RBC/plasma divert valve assembly 1120 so as to direct 
the flow of RBCs removed from blood processing vessel 
352 into RBC collection reservoir 954. Both the platelet 
divert valve assembly 1100 and plasma divert valve as- 
sembly 1110 remain in a position to direct flow into 
reservoir 150 for return to donor/patient 4 during blood 
return submodes. In the later regard, it is preferable that, 
during blood return submodes of the RBC collection 
phase, blood collection device 6 provide appropriate con- 
trol signals so as to stop the operation of all pump as- 
semblies other than return pump assembly 1090. In this 
regard, stoppage of inlet pump assembly 1030 avoids re- 
circulation of uncollected blood components into vessel 
352 and resultant dilution of separated RBC components 
within vessel 352. 



[0233] As will be appreciated, in the present invention separated 
RBCs are not pumped post-separation out of vessel 352 
for collection, but instead are pushed out vessel 352 and 
through extracorporeal tubing circuit 10 by the pressure 
of the blood inlet flow to vessel 352. Consequently, 
trauma to the collected RBCs is minimized. 

[0234] During the RBC collection phase, the inlet flow into vessel 
352 is limited by the above-noted maximum acceptable 
ACIR to the donor/patient 4. The desired inlet flow rate is 
also limited by that necessary to maintain the desired 
packing factor, as also discussed. In this regard, it will be 
appreciated that, relative to the setup phase, the inlet flow 
rate may be adjusted slightly upwards during the RBC col- 
lection phase since not all anticoagulant is being returned 
to the donor/patient 4. That is, a small portion of the AC 
remains with the plasma that is collected with the RBCs in 
RBC reservoir 954. 

[0235] Following collection of the desired quantity of red blood 

cells, blood separation device 6 may provide a control sig- 
nal to divert assembly 1120, so as to divert RBC flow to 
reservoir 150. Additionally, if further blood processing is 
not desired, rinseback procedures may be completed. Ad- 
ditionally, the red blood cell reservoir 954 may be discon- 



nected from the extracorporeal tubing circuit 10. A stor- 
age solution may then be added. Such storage solution 
may advantageously facilitate storage of the RBCs for up 
to about 42 days at a temperature of about 1-6 degrees 
C. In this regard, acceptable storage solutions include a 
storage solution generically referred to in the United 
States as Additive Solution(AS-3), available from Medsep 
Corp. located in Covina, California; and a storage solution 
generically referred to in Europe as "SAGM", available from 
MacoPharma located in Tourcoing, France. 
[0236] The storage solution may be contained in a separate stor- 
age solution bag that can be selectively interconnected to 
the RBC collection bag 954. Such selective interconnection 
may be provided via sterile-docking tubing utilizing a 
sterile connecting device. By way of example, one such 
sterile connecting device to interconnect tubing is that of- 
fered under the trade name "SCD 312" by Terumo Medical 
Corporation located in Somerset, New Jersey. Alterna- 
tively, selective interconnection may be established utiliz- 
ing the sterile barrier filter/spike assembly 956. The use 
of assembly 956 facilitates the maintenance of a closed 
system, thereby effectively avoiding bacterial contamina- 
tion. By way of example, the mechanical, sterile barrier fil- 



ter in assembly 956 may include a porous membrane hav- 
ing 0.2 micron pores. 

[0237] | n order to ensure the maintenance of RBC quality, the 

RBC collection bag 954, the storage solution and the anti- 
coagulant used during blood processing should be com- 
patible. For example, RBC collection reservoir 954 may 
comprise a standard PVC DEHP reservoir (i.e., polyvinyl 
chloride-diethylhexylphthallate) offered by Medsep Cor- 
poration. Alternatively, a citrated PVC reservoir may be 
employed. Such reservoir may utilize a plasticizer offered 
under the trade name "CITRIFLEX B6" by Moreflex located 
in Commerce, California. Further, the anticoagulant uti- 
lized in connection with the above-described platelet col- 
lection and red blood cell collection procedures may be an 
acid citrate dextrose-formula A (ACD-A). 

[0238] After the storage solution has been added to the collected 
red blood cells in RBC reservoir 954, selective filtering 
may be desired to remove white blood cells. More particu- 
larly, for example, leukoreduction may be desired to es- 
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tablish a white blood cell count at < 5 x 10 white blood 
cells/unit (e.g., about 250 ml.) to reduce any likelihood of 
febrile nonhemolytic transfusion reactions. Further, such 
filtering may be desirable to achieve a white blood cell 



count of < 5 x 10 6 white blood cells/unit to reduce any 
risk of HLA (i.e., human leukocyte A) sensitization. If such 
leukoreduction is deemed appropriate, the red blood cell/ 
storage solution mixture can be connected to a commer- 
cially available red cell filter/bag assembly so that red 
blood cells are gravity transferred from the collection bag 
954 through a filter and into a new storage bag. Such 
commercially available red cell filter/bag kits include 
those available under the trade names "LEUKONET'or 
"r\LS" from Hemasure, Inc. located in Marlborough, Mas- 
sachusetts, and "RC 100", "RC50" and "BPF4" from Pall 
Corp. located in Glencove, New York. 

[0239] Several advantages can be realized utilizing the above- 
described procedure for red blood cell collection. Such 
advantages include: consistency in final RBC product vol- 
ume and hematocrit; reduced exposure of a recipient if 
multiple units of blood products are collected from a sin- 
gle donor/patient and transfused to a single recipient; re- 
duced time requirements for RBC collection and for col- 
lection of double units of red blood cells if desired. 

[0240] while one approach for platelet and RBC collection has 
been described above, other approaches using the em- 
bodiment of Figs. 2A-2B will be apparent. By way of pri- 



mary example, the described RBC collection procedure 
may be carried out following blood priming, and prior to 
platelet collection. Such an approach would advanta- 
geously allow RBC collection to occur in the course of AC 
ramping, thereby reducing total processing time require- 
ments. That is, since AC ramping up to a predetermined 
level (e.g., increasing the AC ratio up to about 13) is typi- 
cally gradually completed prior to the start of a platelet 
collection procedure (e.g., so as to maintain an acceptable 
ACIR), completing RBC collection procedures in the course 
of AC ramping would reduce the overall processing time 
for RBC and platelet collection. The RBC collection proce- 
dure could be completed when AC ramping reaches about 
8.14, with AC ramping continuing thereafter. Alternately, 
RBC collection could occur in tandem with AC ramping, 
wherein the target AC ratio of about 8.14 would be estab- 
lished as an average effective ratio for the RBCs and 
plasma collected and mixed within reservoir 954. 
[0241] Further, and as noted above, plasma collection could oc- 
cur contemporaneous with RBC collection. Additionally, in 
this regard, plasma collection could occur during both 
platelet and RBC collection procedures, depending upon 
the volume of plasma product desired. Finally, it has been 



recognized that the present invention of embodiment of 
Figs. 2a-2b may also be employable to simultaneously 
separate and collect both red blood cells and platelets, 
and if desired, plasma. 
[0242] RBC/Plasma (generally non-Platelet) Collection 

[0243] As noted, a preferred blood apheresis system 2 also pro- 
vides for continuous separation of red blood cells (RBCs) 
and plasma with various alternative collection options. For 
example, continuous separation may be provided with 
contemporaneous collection of both RBCs and plasma 
and/or with collection of either RBCs or plasma separately 
(see, e.g., the embodiment of Figs. 2c-2d, 8B). In the pre- 
ferred system, all the non-collected components are re- 
infused into the donor. Moreover, the separated blood 
components, RBCs and/or plasma (in the embodiments of 
Figs. 2C-2D, e.g.), may be selectively collected, as de- 
scribed above, in corresponding storage reservoirs or im- 
mediately returned to the donor/patient 4 during a blood 
return/replacement fluid delivery submode. Note, the 
buffy coat components namely platelets and WBCs are not 
collected separately in this embodiment (Figs. 2C-2D). 
Rather, these components preferably remain with the 
RBCs throughout these procedures and may either be fil- 



tered out subsequently, e.g., the WBCs through a leukore- 
duction filter (e.g., "COBE r\LS"filter) or the like; or may 
remain with the RBC product(s) as the platelets likely will, 
albeit without any deleterious effect. Preferably, the 
plasma product(s) hereof will remain platelet-poor and 
contain no WBCs (or at least within promulgated minimum 
safety ranges). 

[0244] | n t he present embodiment (Figs. 2C-2D and 8B), any of 
three options is primarily available, the collection of RBCs 
and plasma contemporaneously, or RBCs alone, or plasma 
alone (in either "alone" case, the collection may mean no 
other product is ever collected during that procedure, or 
no other product is collected at the same time; previous 
or subsequent collection is also possible). And in one ap- 
proach where both plasma and RBCs are to be collected, 
blood apheresis system 2 may preferably be advanta- 
geously employed to collect RBCs and plasma contempo- 
raneously for a first time period, and then collect either 
plasma or red blood cells for a second period. In this 
manner, the collection of both high quality plasma units 
and high quality red blood cell units can be realized. Tar- 
get yields for both components are thus also preferably 
achieved or achievable. This may thus include double red 



blood cell products, for example. Note, a double product 
quantity is preferably configurable by the user; however, 
suggestions have been made for red blood cell products 
to be targeted at about 180 or 200 milliliters in pure 
form, which would be 225 or 250 ml at 80 hematocrit 
(i.e., including 20% plasma in the end product). Thus, a 
double RBC product under these suggestions would be 
about 360 or about 400 ml. in pure form and 450 to 500 
at 80 hematocrit. Note, the 180 ml. suggestion may be 
based upon an understood concept of a whole blood do- 
nation unit of 450 ml. + 10% which would provide about 
60 grams of hemoglobin (Hb) or an average 180 ml. 
hematocrit (Ht) (see U.S. Federal Food and Drug Adminis- 
tration (FDA) suggestions). Other sizes can also be config- 
ured and collected based upon donor ability. 
[0245] Replacement fluid(s) are preferably also optionally admin- 
istrate within the procedures of the present invention us- 
ing the embodiment of Figs. 2C-2D. Sterile saline solu- 
tion^) and/or replacement/exchange plasma (and/or re- 
placement/exchange red blood cells) are optional re- 
placement fluids, inter alia, considered for use herein. 
Thus, if/when large fluid amounts of plasma and/or RBCs 
are taken from a donor/patient, replacement fluid(s) may 



be delivered in return to leave the donor/patient ade- 
quately hydrated i.e., replacement fluids may, in certain 
situations, qualify more product options from a given 
donor. For example, a particular donor may not qualify for 
a certain donation (e.g., a double RBC product) under nor- 
mal conditions; however, with a replacement fluid infu- 
sion, that donor may then qualify for that donation. 
[0246] Also, replacement fluids may also be used to avoid hypov- 
olemia and like reactions. Bolus deliveries are also prefer- 
ably deliverable herewithin. Exchange fluids (plasma and/ 
or RBCs) may be used for therapeutic purposes as well. 
These alternatives are detailed further hereinbelow. Note 
first however that it is preferable that the one or more re- 
placement fluid spike assembly(ies) 964 (964a/964b) are/ 
may be similar structurally and/or functionally to the anti- 
coagulant spike assembly 50/52 shown and described 
hereinabove; but it is preferable that there be some dis- 
tinction therefor safety reasons. For example, if a plastic 
spike is used for the anticoagulant line(s), it would then 
be preferable to include a metal or distinctly colored or 
shaped spike or spikes for the replacement fluid line(s) so 
that the operator will not confuse them and accidentally 
run anticoagulant into the replacement fluid system and 



thereby potentially seriously overload the donor/patient 
with anticoagulant. 
[0247] The general set-up or initiation procedures described 

hereinabove for any and/or all other apheresis procedures 
are likewise and/or similarly carried out here to provide 
blood priming of extracorporeal tubing circuit 10a (Figs. 
2C-2D) and blood processing vessel 352a (Fig. 8B) 
(distinctions are described herein). The initiation of blood 
processing thereafter then provides for the collection of 
plasma in one or more reservoir(s) 94 and/or the collec- 
tion of red blood cells in one or more reservoir(s) 954. Al- 
ternatively, either RBC collection in reservoir(s) 954 or 
plasma collection in reservoir(s) 94 may also be selectively 
completed in separate procedures. During either collec- 
tion procedure, blood component separation device 6 
preferably controls the initiation and termination of suc- 
cessive blood removal and blood return submodes, as de- 
scribed for example, in the preferred embodiment herein- 
above (from and to the donor through level control in the 
cassette reservoir 150 using the two ultrasound fluid level 
detectors 1300, 1320, e.g.). Additionally, blood compo- 
nent separation device 6 will control the plasma and RBC 
collection processes according to predetermined proto- 



cols, preferably including control over the preferred valve 
assemblies 1100, 1110 and 1120 of the pump/ 
valve/sensor assembly 1000, and/or the appropriate 
pumps 1020, 1030, 1040, 1060 and/or 1090. 
[0248] initially, blood priming is carried out generally as de- 
scribed hereinabove. However, as described here, a fur- 
ther step during priming is preferably instituted prior to 
starting component collection. During blood priming, it is 
still desirable that the component separation begin even 
during the priming stage, and that plasma flows over the 
RBC dam 232 and continues around to the plasma outlet 
port 456 and still further around to the RBC/control outlet 
520 (see Fig. 8B); while RBCs build up behind the RBC dam 
232 and flow in a counterflow direction back to the RBC/ 
control outlet 520. (Note that the buffy coat elements 
preferably remain behind the dam 232 as well and flow to 
the RBC outlet port 520 with the RBCs; however, even 
though not preferred, sufficient functionality may never- 
theless likely be retained even if some RBCs and/or buffy 
coat components flow over the dam 232 during priming. 
Potential WBC contamination of platelet collection appara- 
tus is not here in issue, though it may be an issue for the 
plasma collection assembly, as well). The further priming 



step here is to then shut the plasma pump 1060 off for a 
period and thereby force a greater quantity of separated 
plasma toward the RBC/control outlet portand thereby 
force the high hematocrit separated RBCs out of the vessel 
352a through the RBC/control outlet 520 until the 
plasma/RBC interface moves radially outward toward the 
orifice 536 of the outlet port 520. Eventually, plasma 
reaches the orifice 536 and spills thereinto and flows out 
through the outlet port 520. This plasma spilling into port 
520 suggests it may also be called a spill port 520. Note, 
a greater quantity of plasma also fills the first stage 312 
thus also contributing to the forcing of the RBC/plasma 
interface radially outward. Then, when the interface is es- 
tablished at or sufficiently adjacent the RBC orifice 536, as 
preferred here, the plasma pump may be automatically 
turned back on by the separation device 6 at a rate which 
maintains the RBC/plasma interface at or sufficiently adja- 
cent the radial level of the RBC/control outlet orifice 536. 
In particular, it is desirable that the interface be main- 
tained at this location such that a mixed flow of RBCs and 
plasma is maintained continuously through the RBC/ 
control outlet port 520 such that the mixed flow of RBCs 
and plasma has reached and continues at a target hemat- 



ocrit, here preferably at about 80. Maintenance by the de- 
vice 6 of a particular relationship of the rate of plasma 
outflow generated by the plasma pump 1060 relative to 
the inlet rate of blood flow generated by the blood inlet 
pump 1030 provides for continuing the target output 
hematocrit of the RBC/plasma mixed flow through the 
RBC/control outlet port 520. 
[0249] Following and/or contemporaneously with the blood 

priming phase as described hereinabove, blood separation 
control device 6 provides control signals to pump/ 
valve/sensor assembly 1000 so that the replacement fluid 
lines may also be primed. In particular, replacement fluid 
valve assembly 1100 is opened and replacement fluid inlet 
pump 1040 is switched on to provide for the pumping of 
saline solution (or other replacement fluid(s)) through re- 
placement fluid inlet tubing 962 and the replacement fluid 
tubing loop 142a into replacement fluid introduction tub- 
ing line 146 for initial collection in cassette reservoir 150, 
though this initial priming collection will likely and prefer- 
ably does constitute a small amount of replacement 
fluid(s). 

[0250] After priming is completed, yet still during the set-up 

phase, blood component separation device 6 may provide 



appropriate control signals to the pump/valve/sensor as- 
sembly 1000 such that all separated blood components 
flowing out of processing vessel 352a will first pass to re- 
turn/delivery reservoir 150. Optionally, one or more cycles 
(preferably two) of separation and return of all blood 
components back to the donor may be performed before 
collection(s) and/or regular replacement fluid deliveries 
begin (this may be performed in order to stabilize the 
hematocrit in the first stage of vessel 352a). Any replace- 
ment fluid(s) collected in reservoir 150 during priming 
(again, likely very small amounts) may also be delivered to 
the donor/patient at this time. Also, blood component 
separation device 6 may continue operation of blood inlet 
pump assembly 1030 during one or more these initial 
blood component return submodes. 
[0251] Then, the process of collection may begin. If plasma col- 
lection is not desired, plasma divert assembly 1110 main- 
tains the flow of separated plasma from the vessel 352a 
to the reservoir 150 for return to the donor/patient 4. 
However, if plasma collection is desired (either alone or 
contemporaneously with RBCs), blood component separa- 
tion device 6 may provide control signals so that plasma 
divert valve assembly 1110 switches to divert the flow of 



separated plasma pumped from vessel 352a through 
plasma outlet tubing 68 and plasma tubing loop 162 into 
plasma collector tubing 92 for collection in one or more 
plasma reservoir(s) 94. Additionally, if plasma is to be col- 
lected alone, RBC divert valve assembly 1120 will continue 
to maintain the flow of separated RBCs flowing from ves- 
sel 352a through outlet tubing 64 through return tubing 
loop 172 and into blood return reservoir 150. However, if 
RBCs are to be collected, alone or contemporaneously 
with plasma, then the RBC divert valve assembly 1120 
switches to divert the flow of separated RBCs flowing from 
tubing 64 to and through spur 170b (of cassette 110) and 
into and through tubing line 952 to the one or more RBC 
collection reservoir(s) 954. No platelet collection is prefer- 
ably carried out in this embodiment as previously dis- 
cussed hereinabove. 
[0252] Preferably during any of the collection processes involved 
with this embodiment (Figs. 2C-2D), one or more replace- 
ment fluid(s) are also delivered to the donor/patient 4. 
Thus, whenever either divert valve assembly 1110 or 1120 
is switched by the separation device 6 into a collection 
mode, then the replacement fluid inlet valve assembly 
1100 may also be opened and the replacement fluid pump 



1040 started to flow replacement fluids from the fluid 
source (not shown) through tubing line 962, cassette pas- 
sageways 140c and 140d, and tubing loops 142a and 146 
into the reservoir 150 (Figs. 2C-2D). As a basic premise, 
the replacement fluid flow rate is equal to the total collec- 
tion flow rate multiplied by the percentage of fluid desired 
to be given back to the donor/patient 4. This last factor is 
called a fluid balance percentage. Preferably, the rate of 
replacement fluid flow (Q^ is governed by the relation- 
ship of the total collection flow rate (Q ) minus the flow 

tot 

rate of the anticoagulant inflow (CM multiplied by the to- 
tal fluid balance percentage (FB) ultimately delivered back 
to the donor/patient 4. In mathematical form; 

[0253] 

Qrf - [Qtot - Qac] * FB; 

[0254] Preferably, the fluid balance percentage is chosen within a 
limited range of 80% and(e.g., 80% representing the less- 
ened amount of fluid the donor/patient 4 is given back, or 
has received at the end of the procedure relative to the 
donor/patient's donation amount, and 120% representing 
the additional amount of fluid given to the donor/patient 
4 over the donation amount; thus, if 80% is chosen for ex- 
ample, then the donor/patient 4 ends the procedure with 



80% of the donated fluid volume). 

[0255] Note, a further option of fluid bolus infusion may be of- 
fered with a replacement fluid assembly such as that de- 
scribed herein. For example, a procedure for bolus infu- 
sion may be made available at any desired point in a pro- 
cedure. As such, it may involve stopping all pumps except 
at least the replacement fluid inlet pump 1040 which de- 
livers replacement fluid to the reservoir 150 at a selected 
infusion rate, then (with perhaps a slight delay to ensure a 
minimum level of fluid is present in the reservoir 150 
prior to fluid return/delivery to the donor/patient), the re- 
turn/delivery pump 1090 may be started to deliver the re- 
placement fluid from the reservoir 150 to the donor/pa- 
tient 4. A bolus button for initiating such a procedure may 
be permanently disposed on the separation device 6, and/ 
or it may preferably be disposed on one or more selected 
touch screen(s) (see generally below) which may be dis- 
played on the computer graphical interface 660. This may 
appear on an adjustment or troubleshooting screen, for 
example (see description(s) below). 

[0256] when RBCs are collected contemporaneously with plasma, 
a packing factor in the first stage of vessel 352a is main- 
tained preferably at 16. If RBCs are collected alone, then 



the packing factor is set between about 4 and 15, more 
preferably between 11 and 15, and most preferably at 
about 13. When the desired volumes of RBCs and/or 
plasma have been collected, blood component separation 
device 6 will preferably selectively control divert assem- 
blies 1110 and 1120 to divert the respective flow of RBCs 
and/or plasma (whichever has reached its desired col- 
lected volume) into reservoir 150. 
[0257] Following contemporaneous RBC and plasma collection (if 
this procedure is chosen), at which point either the target 
RBC volume/yield or the target plasma volume/ yield (or 
both) has been reached, then the respective divert valve 
assembly 1110 or 1120 (or both) of the respective com- 
ponent whose target volume/yield has been reached is 
switched to divert flow of that separated component to 
flow to the reservoir Thus, if and when the target volume/ 
yield of RBCs has been reached, then the divert valve as- 
sembly 1120 may be switched to return flow of separated 
RBCs to the reservoir 150, independent of and/or even if 
the plasma target volume/yield has not yet been reached. 
The same may be true in reverse, if and when the plasma 
target volume/ yield has been reached, even if this occurs 
before the RBC target is reached, then the plasma divert 



valve assembly 1110 may be switched to flow the still in- 
coming separated plasma to the reservoir 150. Then, col- 
lection of the other component is preferably continued 
until its target volume/yield is reached. Note, though ei- 
ther separated component may be collected first, and then 
the other components collected after the target volume/ 
yield of the first component has been reached, it is 
preferable to start the procedure collecting both RBCs and 
plasma contemporaneously (assuming that a quantity of 
both products are desired from a given donor), and then 
switch to collecting only the component whose target vol- 
ume/yield has not yet been reached when the other target 
has been reached. 
[0258] Control over these switching steps after achieving either 
the RBC or the plasma target collection volumes/yields is 
initiated via control signals provided by blood collection/ 
separation device 6 to the respective divert valve assem- 
blies 1110 and 1120. Note also that the separation device 
6 may make further adjustments as well upon switching 
from the contemporaneous collection of RBCs and plasma 
to the collection of only one such component. For exam- 
ple, the packing factor has been noted as preferably kept 
at 16 with a target hematocrit of 80 during collection of 



both RBCs and plasma contemporaneously. However, 
when the target volume/yield of one or the other blood 
component has been reached and then collection of only 
one component is continued, then the separation device 6 
preferably adjusts to the preferred packing factor or 
hematocrit value as discussed herein. Specifically, if the 
plasma target has been reached, but RBC collection is to 
continue, the separation device preferably lowers the 
packing factor to the range disclosed herein, preferably to 
11-15, or set even more preferably at 13 while maintain- 
ing a target hematocrit of 80. If, on the other hand, col- 
lection of plasma is instead to be continued after the tar- 
get for RBCs has been reached, then the separation device 
6 may reset the target hematocrit to approximately 55, for 
example, without concern for the resulting or actually oc- 
curring packing factor at this point. 
[0259] such RBC and/or plasma collection procedures may also 
include a setup phase and a collection phase. During a 
setup phase, the blood apheresis system 2 may be ad- 
justed to establish a predetermined hematocrit in those 
portions of the blood processing vessel352a and extra- 
corporeal tubing circuit 10a through which separated 
RBCs will pass for collection during the RBC collection 



phase. More particularly, during the setup phase, and in 
order to realize a predetermined hematocrit of about 80%, 
the packing factor in the first stage 312 of the blood pro- 
cessing vessel 352a is established at between about 11 
and about 21, and most preferably at about 16 for con- 
temporaneous RBC and plasma collections, or 13 for RBC 
collections, alone. These are the preferred packing factors 
for collection phases of RBCs and plasma simultaneously, 
and RBCs alone, see discussions throughout. Additionally, 
the AC ratio (i.e., the ratio between the inlet flow rate to 
vessel 352a (including whole blood plus anticoagulant AC) 
and the AC flow rate into tubing circuit 10) will be estab- 
lished within the range of about 6 to 16, and most prefer- 
ably at about 8.14 (in the United States) and/or 11 (in 
other countries). Further, the total uncollected plasma 
flow rate through blood processing vessel 352a and ex- 
tracorporeal tubing circuit 10 may be established at a 
predetermined level. These adjustments are preferably 
carried out by controlling the speeds of the respective 
pumps and/or the centrifuge which may be adjusted in si- 
multaneous fashion to establish the desired hematocrit in 
an expeditious manner. As will be appreciated, this ad- 
justed AC ratio and predetermined hematocrit should be 



maintained during the subsequent RBC and plasma collec- 
tion phase(s). 

[0260] These adjustments will not affect the other collection con- 
trol parameters where again, when collecting RBCs alone, 
the target hematocrit remains at 80, but the packing fac- 
tor is preferably reduced to, for example, 11-13. This is 
similar to the RBC packing factor preference described 
above for the collection phase of RBCs after platelet col- 
lection has ceased (for the platelet/plasma/RBC embodi- 
ment; e.g., Figs. 2A-2B, and corresponding description, 
above). Further still, when collecting plasma alone, the 
target hematocrit is preferably dropped to 55, and the 
packing factor in the first stage is not an issue (also as 
described hereinabove). 

[0261] | n order to establish the desired packing factor, the oper- 
ating speed of centrifuge rotor assembly 568 may be se- 
lectively established via control signals from blood com- 
ponent separation device 6, and/or the blood inlet flow 
rate to vessel 352a may be selectively controlled via con- 
trol by blood component separation device 6 over pump 
assembly 1030, and/or the plasma flow rate out through 
port 456 may similarly be controlled by device 6 through 
pump 1060. More particularly, increasing the rpms of 



centrifuge rotor assembly 568 and/or decreasing the inlet 
flow rate will tend to increase the packing factor, while 
decreasing the rpms and/or increasing the flow rate will 
tend to decrease the packing factor. As can be appreci- 
ated, the blood inlet flow rate to vessel 352a is effectively 
limited by the desired packing factor. 

[0262] jo establish the desired AC ratio, blood component sepa- 
ration device 6 provides appropriate control signals to an- 
ticoagulant peristaltic pump 1020 so as to introduce anti- 
coagulant into the blood inlet flow at a predetermined 
rate, as previously described hereinabove. Relatedly, in 
this regard, it should be noted that the inlet flow rate of 
anticoagulated blood to blood processing vessel 352a is 
limited by a predetermined, maximum acceptable antico- 
agulant infusion rate (ACIR) to the donor/patient 4. As will 
be appreciated by those skilled in the art, the predeter- 
mined ACIR may be established on a donor/pa- 
tient-specific basis (e.g., to account for the particular total 
blood volume of the donor/patient 4). 

[0263] jo establish the desired total uncollected plasma flow rate 
out of blood processing vessel 352a, it should be noted 
that when RBCs and plasma are collected simultaneously/ 
contemporaneously, there is no uncollected plasma. Fur- 



ther, when plasma is collected alone, the uncollected 
plasma is that portion of the RBC/plasma outflow (i.e., 
that plasma flowing out RBC outlet port 520 with the 
RBCs through line 64) which may be determined by the 
hematocrit thereof. With a target hematocrit of about 55 
in RBC line 64 during plasma collection alone, the uncol- 
lected plasma will constitute about 45% of that outflow. In 
either event, the blood collection device 6 provides ap- 
propriate control signals to plasma pump assembly 1060 
to establish the desired total plasma flow rate, uncollected 
or collected. Relative to RBC collection, on the other hand, 
such control signals will typically serve to increase plasma 
flow through plasma outlet port 456, and thereby reduce 
plasma flow with RBCs through RBC outlet port 520. This 
serves to increase the hematocrit in the separated RBCs, 
to the target hematocrit of 80. 
[0264] | n one embodiment, where centrifuge rotor assembly 568 
defines a rotor diameter of about 10 inches, and where a 
blood processing vessel 352a (see Figs. 2C-2D and 8B) is 
utilized, as described hereinabove, it has been determined 
that channel housing 204 can be typically driven at a rota- 
tional velocity of about 3000 rpms to achieve the desired 
hematocrit during the both the setup and component col- 



lection phases. Correspondingly, the blood inlet flow rate 
to vessel 352a should preferably be established at below 
about 64.7 ml/min. The desired hematocrit can be reliably 
stabilized by passing about two whole blood volumes of 
vessel 352a through vessel 352a before the RBC and/or 
plasma collection phases are initiated. 
[0265] jo initiate an RBC collection phase, blood component 
separation device 6 pro an appropriate control signal to 
RBC divert valve assembly 1120 so as to direct the flow of 
RBCs removed from blood processing vessel 352a into 
RBC collection reservoir In an RBC only collection, plasma 
divert valve assembly 1110 remains in a position to direct 
flow into reservoir 150 for return of the separated plasma 
to donor/ patient 4 during blood return/replacement fluid 
delivery submodes. Upon and/or simultaneously with ini- 
tiation of RBC collection, replacement fluid valve assembly 
1100 also preferably is switched to provide replacement 
fluid flow also into the reservoir 150. In all RBC collection 
and/or replacement fluid operational phases, it is prefer- 
able that, during blood component return/ replacement 
fluid delivery submodes of the RBC collection phase, 
blood collection and separation device 6 provides appro- 
priate control signals so as to stop the operation of all 



pump assemblies other than return/delivery pump assem- 
bly 1090. In this regard, stoppage of inlet pump assembly 
1030 avoids recirculation of uncollected blood compo- 
nents and/or replacement fluid(s) into vessel 352a and 
resultant dilution of separated RBC components within 
vessel 352a. 

[0266] As will be appreciated, and as was also true in the previ- 
ously described above, in the present invention separated 
RBCs are not pumped post-separation out of vessel 352a 
through line 64 for collection, but instead are moved out 
of vessel 352a and through extracorporeal tubing circuit 
10a by the relative pressure of the blood inlet flow to ves- 
sel 352a (as this may be modified by the plasma outlet 
pressure through the plasma outlet port 456). Conse- 
quently, trauma to the separated and collected RBCs is 
minimized. 

[0267] During the RBC and/or plasma collection phases, the inlet 
flow into vessel 352a is limited as described above by the 
above-noted maximum acceptable ACIR to the donor/ 
patient 4. The desired inlet flow rate is also limited by that 
necessary to maintain the desired packing factor, as also 
discussed. In this regard, it will be appreciated that, rela- 
tive to the setup phase, the inlet flow rate may be ad- 



justed slightly upwards during the RBC and/or plasma 
collection phases since not all anticoagulant is being re- 
turned to the donor/patient 4. That is, a portion of the 
anticoagulant remains with the collected plasma and/or 
the plasma that is collected with the RBCs in RBC reser- 
voirs) 954. 

[0268] Following collection of the desired quantity of red blood 
cells and or plasma, and after blood separation device 6 
has provided control signals to divert assemblies 1110 
and so as to divert the respective separated plasma and 
separated RBC flows to reservoir 150, if further blood 
processing is not desired, rinseback procedures may then 
be completed as generally described above. However, here 
(in the embodiment of Figs. 2c-2d) where there is no 
platelet pump splitting the rinseback flow, the plasma 
pump 1060 is set at the full plasma rate equal to rate of 
the return/delivery pump 1090 for rinseback. Note again, 
that the replacement fluid inlet pump 1040 is stopped 
here also as in all (non-bolus) instances when no RBCs or 
plasma are being collected. 

[0269] Additionally, at the end of the procedures, the plasma 
bag(s) 94 and the red blood cell reservoir(s) 954 may be 
disconnected from the extracorporeal tubing circuit 10 in 



fashions like those described above. Storage solutions 
may also be added, also as described above. Post- 
collection filtration may also be performed. For example, 
leukoreduction/white blood cell filtration from the col- 
lected RBCs in a fashion as described above, before or af- 
ter the option of adding a storage solution. The storage 
solutions and/or filtration devices and corresponding final 
storage reservoir(s) (not shown) may, as described herein- 
above, be preconnected to the collection reservoirs 
herein, or attached subsequently via sterile connection or 
spike and sterile barrier connections, also as described 
hereinabove. 

[0270] Note, a further beneficial feature of the present invention 
is that it is preferred that the system 2 be able to monitor 
or model the hematocrit (and/or platelet count) and the 
total blood volume of the donor/patient 4 during the 
overall procedure. For example, the machine 6 can con- 
tinuously and instantaneously monitor the quantity of 
RBCs collected, the plasma collected, the anticoagulant 
(AC) collected with either or both the RBCs and/or plasma 
as well as the AC delivered to the donor/patient 4, and, if 
used, the saline/replacement solution delivered to the 
donor/patient 4 to determine the instantaneous hemat- 



ocrit (and/or platelet count and/or the total blood volume) 
of the donor/patient 4. If for example, a donor started 
with a 45 hematocrit and a total blood volume of 5 liters 
(roughly equivalent to about 2.25 liters of RBCs), and the 
equivalent of 0.5 liters of whole blood were removed, and 
say a 0.5 liters of replacement fluid were added, then a 
result would be 2.02 liters of RBCs with a total blood vol- 
ume of 5 liters and a resulting hematocrit of 40. Most de- 
sirably, this drop of hematocrit during a procedure may be 
instantaneously modeled so that the target hematocrit of 
the resulting products can continue to met. This may 
mean adjustments to certain flow rates such as the 
plasma pump rate to ensure that the target amount of 
separated plasma reaches and exits with the RBCs through 
the RBC exit port to provide the target hematocrit. Double 
red blood cell products and/or replacement fluid options 
will have greater impact on and/or be more greatly im- 
pacted by the instantaneous hematocrit of the donor/pa- 
tient. Thus, this modeling provides better insurance that 
the target hematocrit will be reached even in a double red 
blood cell product. 
[0271] N 0 t e further that instantaneous platelet and/or total 

blood volume monitoring may also be performed in simi- 



lar fashions, and can also be used to ensure the quality of 
the platelet and/or plasma products by feed back adjust- 
ment control over certain flow rates. Moreover, these and 
similar procedures may be used to mode for ending or 
post hematocrit, platelet count and/or total blood vol- 
umes as protection measures for the donor/patient. For 
example, an ending total blood volume (or instantaneous 
such volume) may be pre-set as a maximum removal from 
the body in total (or at any time during the procedure); 
then, the machine 6 will be pre-disposed to disallow the 
start of any procedures (or stop a progressing procedure) 
which would ever remove in total (or at anytime during a 
procedure) any amount more than this pre-set maximum. 
An example maximum might be 15% of the donor's start- 
ing total volume (calculated preferably using height and 
weight). A user could choose other percentage options as 
well, as for example a more conservative 13%, inter alia. 
Similarly, post hematocrit and platelet post-count limits 
may also be pre-set (or configurable per each donor). Ex- 
amples might be 30 or 32 post hematocrits, and/or 
50,000 or 100,000 platelet post-counts. Maximum proce- 
dure times might also be used in such donor safety areas; 
e.g., 120 or 150 minute maximum procedure times. 



[0272] a s above, several advantages can be realized utilizing 

these procedures for red blood cell and/or plasma collec- 
tions. Such advantages include: consistency in final RBC 
product volume and hematocrit; reduced exposure of a 
recipient if multiple units of blood products are collected 
from a single donor/patient and transfused to a single re- 
cipient; reduced time requirements for RBC and/or plasma 
collections and for collection of double units of red blood 
cells if desired. 

[0273] Various approaches for plasma and RBC collection have 
been described above, and other approaches may also be 
beneficial. By way of an example, the described RBC col- 
lection procedure may be carried out following blood 
priming, but prior to plasma collection. Such an approach 
may advantageously allow RBC collection to occur in the 
course of AC ramping, thereby perhaps reducing total 
processing time requirements. That is, since AC ramping 
up to a predetermined level (e.g., increasing the AC ratio 
up to about 13), may be gradually completed prior to the 
start of a plasma collection procedure (e.g., so as to 
maintain an acceptable ACIR), completing RBC collection 
procedures in the course of AC ramping may reduce the 
overall processing time for both RBC and plasma collec- 



tion. The RBC collection procedure could be completed 
when AC ramping reaches about 8.14 (in the U.S.) or 11 
(in other countries), with AC ramping continuing there- 
after. Alternatively, RBC collection could occur in tandem 
with AC ramping, wherein the target AC ratio of about 
8.14 or 11 would be established as an average effective 
ratio for the RBCs and plasma collected and mixed within 
reservoir(s) 954. 
[0274] Further alternative procedures are available, for example 
in therapeutic exchanges of RBCs or plasma, such that the 
exchange RBCs or plasma is the replacement fluid to be 
delivered through the replacement fluid tubing assembly 
960 to the donor/patient 4 while the corresponding RBCs 
or plasma is removed from the donor/patient as described 
hereinabove. Collected components may similarly be ther- 
apeutically treated upon collection and then returned to 
the patient through the replacement fluid tubing assembly 
960. 

[0275] Alternative Collections 

[0276] As mentioned, the present invention provides for the se- 
lection of various alternative component products to be 
collected. At least two discrete tubing and processing ves- 
sel sets have been described to achieve these options. The 



primary advantage is that any of these and other options 
may be obtained on the same platform or system. For ex- 
ample, extracorporeal blood processing system 2 (see 
generally Fig. 1) may be used to separate blood in various 
components and provide for the selection of collections of 
platelets (single, double or triple products, e.g.), alone or 
in combination with other products such as RBCs (single 
or double) and/or plasma (various quantities). More di- 
rectly, given a particular donor ability (through blood vol- 
ume, hematocrit and platelet count, e.g.), an operator of 
the present system may be presented with various options 
of donation combinations. Then, the operator may choose 
the most desirable option, and load the appropriate tub- 
ing set (see e.g., Figs. 2A-2B vs. 2C-2D) on the machine 
6, and then collect the desired component products. The 
system 2/machine 6 would operate the appropriate proto- 
cols as described hereinabove. 
[0277] Note, other options are foreseeable as well. For example, 
though not explicitly shown above (not as preferred), 
platelets could be collected on a tubing set having a re- 
placement fluid option such as that described relative to 
Figs. 2C-2D. However, the vessel would be like vessel 325 
(Figs. 2A-2B, with the platelet outlet line running to and 



through the plasma pump 1060, e.g.) and the protocol 
preferably as described for the RBC/platelet option above 
(preferably platelet collection first, with RBCs to follow). 
Or, such a platelet/RBC with replacement fluids option 
could be formed of the tubing set of Figs. 2A-2B with the 
replacement fluids run through the plasma pump 1060 
with no plasma collection reservoirs then available. The 
limiting factor in the shown system is a further pump. In 
other words, if a further pump were added (not shown) to 
the machine 6, then a platelet/plasma/RBC tubing set 
such as that shown in Figs. 2A-2B could be used with an 
additional pump and tubing line set running to and 
through the added pump to flow to the reservoir 150. A 
further limiting factor is that during platelet collections, 
replacement fluids are generally not necessary. Larger 
collections, such as double red blood cell products more 
often indicate a desirability for replacement fluids. Along 
this line, a further red blood cell container could be added 
to the tubing set of Figs. 2A-2B; however, again, the pref- 
erence would be to have a replacement fluid option avail- 
able (though not necessary in all cases) for double red 
blood cell collections. 
[0278] | n either case, substantially all practical options are 



presently available using the two tubing sets shown and 
described herein. Moreover, other sets are also available, 
as for example a platelet/plasma set such as is shown and 
described in U.S. Patent No. 5,653,887 to Wahl et al.; inter 
alia (assigned to the assignee of the present document). 
Such sets (as described therein) may also be used with the 
system of the present invention, and provide a further op- 
tion to the users hereof. 
[0279] Graphical Computer Interface 

[0280] | n order to assist an operator in performing the various 
steps of the protocol being used in an apheresis proce- 
dure with the apheresis system 2, the apheresis system 2 
further includes a computer graphical interface 660 illus- 
trated in Fig. 1. The following descripdescribes an inter- 
face for use by an English language speaking operator. 
For other operations and/or languages, the textual por- 
tions of the interface would, of course, be adapted ac- 
cordingly. The graphical interface 660 includes a com- 
puter display 664 which has "touch screen" capabilities. 
Other appropriate input devices (e.g., keyboard) may also 
be utilized alone or in combination the touch screen. For 
example, a pump pause and a centrifuge stop button of 
the well known membrane type may be provided. The 



graphics interface 660 not only allows the operator to 
provide the necessary input to the apheresis system 2 
such that the parameters associated with operation of the 
apheresis system may be determined (e.g., data entry to 
allow determination of various control parameters associ- 
ated with the operation of the apheresis system 2), but 
the interface 660 also assists the operator by providing 
pictorials of at least certain steps of the apheresis proce- 
dure. Moreover, the interface 660 also effectively conveys 
the status of the apheresis procedure to the operator. 
Furthermore, the interface 660 also may be used to acti- 
vate standardized corrective actions (i.e., such that the 
operator need only identify the problem and indicate the 
same to the interface 660 which will then direct the 
apheresis system 2 to correct the same). 
[0281] Referring to Fig. 26, at the start of an apheresis procedure 
a master screen 696 is displayed to the operator on the 
display 664. The master screen 696, as well as each of the 
screens displayed to the operator by the interface 600, in- 
cludes a status bar 676. The status bar 676 includes a 
system prep icon set 700. The system prep icon set 700 
includes a load icon 704 (representing the shape of blood 
component separation device 6) with a downwardly ex- 



tending arrow which collectively pictorially conveys to the 
operator that the disposable set 8 must be loaded onto 
the blood component separation device 6. The word 
"LOAD" is also positioned below the load icon 704 to pro- 
vide a short textual instruction to the operator of the re- 
quired action(s). 

[0282] The system prep icon set 700 also includes an information 
icon 708 (representing the shape of an open filing folder) 
which pictorially conveys to the operator that certain in- 
formation relating to the donor/patient 4, the procedure 
protocol, and/or the blood component separation device 
6 must be obtained and entered. This information may be 
utilized by the apheresis system 2 to calculate one or 
more of the parameters associated with the apheresis 
procedure (e.g., inlet flow rate to the blood processing 
vessel 352) and/or to generate predicted yields of one or 
more blood component types (e.g., the amount of a cer- 
tain blood component type which is anticipated to be col- 
lected based upon certain parameters such as donation 
time). The word "INFO" is also positioned below the infor- 
mation icon 708 to provide a short textual instruction to 
the operator of the required action(s). The information 
icon 708 is also positioned to the right of the load icon 



704 to indicate to the operator that it is preferred, al- 
though not required, to perform the step(s) associated 
with the information icon 708 after the step(s) associated 
with the load icon 704 have been completed. 

[0283] The status bar 676 also includes a collection icon set 712. 
The collection icon set 712 includes a donor/patient prep 
icon 716 (representing the shape of the donor/patient 4) 
which pictorially conveys to the operator that the donor/ 
patient 4 must now be fluidly interconnected with the 
blood component separation device 6. The word "PRE- 
PARE" is also positioned below the donor/patient prep 
icon 716 to provide a short textual instruction to the op- 
erator of the required action(s). The donor/patient prep 
icon 716 is also positioned to the right of the information 
icon 708 to indicate to the operator that the step(s) asso- 
ciated with the donor/patient prep icon 716 may only be 
performed after the step(s) associated with the load icon 
704 and the information icon 708 have been completed. 

[0284] The collection icon set 712 also includes a donate icon 
720 with a laterally extending arrow which collectively 
pictorially conveys to the operator that the actual collec- 
tion procedure may be initiated and that the step(s) to ini- 
tiate this action should now be performed. The word "DO- 



NATE" is also positioned below the donate icon 720 to 
provide a short textual instruction to the operator of the 
required action(s). The donate prep icon 720 is also posi- 
tioned to the right of the donor/patient prep icon 716 to 
indicate to the operator that the step(s) associated with 
the donate icon 720 must be performed after the step(s) 
associated with the donor/patient prep icon 716 have 
been completed. 

[0285] The status bar 676 also includes an unload icon 724 

(representing the shape of the blood component separa- 
tion device 6) and a generally upwardly extending arrow 
which collectively pictorially convey to the operator that 
the disposable set must now be removed from the blood 
component separation device 6. The word "UNLOAD" is 
also positioned below the unload icon 724 to provide a 
short textual instruction to the operator of the required 
action(s). The unload icon 724 is also positioned to the 
right of the donate icon 720 to indicate to the operator 
that the step(s) associated with the unload icon 724 must 
be performed after the step(s) associated with the donate 
icon 720 have been completed. 

[0286] The system preparation icon set 700, collection icon set 
712, and unload icon 724 in the status bar 676 sequen- 



tially set forth certain basic steps for the apheresis proce- 
dure. That is, the left to right positioning of the various 
icons conveys to the operator the desired /required order 
in which the step(s) associated with the icons should/must 
be performed. Moreover, the individual icons 704, 708, 
716, 720, and 724 are also utilized to convey the status of 
the apheresis procedure to the operator via three-way 
color differentiation (i.e., one status per color) and/or by 
three-way shade differentiation. "Shades" includes varia- 
tions of a given color and also encompasses using varia- 
tions based upon being "lighter" and/or "darker" (e.g., us- 
ing light gray, medium gray, and dark gray). That is, a 
"gray-scale" technique may also be utilized and is encom- 
passed by use of color and/or shade differentiation. 
[0287] The first status conveyed to the operator by the icons in 
the status bar 676 is that the step(s) associated with re- 
spective icon are not ready to be performed. That is, the 
performance of this step(s) would be premature. This first 
status is conveyed to the operator by displaying the asso- 
ciated icon in a first color, such as white. The correspond- 
ing textual description may also be presented in this first 
color as well. As noted, a first "shade" may also be utilized 
to convey this first status as well. 



[0288] The second status conveyed to the operator by the icons 
in the status bar 676 is that the step(s) associated with 
the respective icon is either ready for execution or is in 
fact currently being executed. That is, an indication is 
provided to the operator that performance of this step(s) 
of the apheresis procedure is now timely. This second 
status is conveyed to the operator by displaying the asso- 
ciated icon in a second color, such as yellow. The corre- 
sponding textual description may also be presented in 
this second color as well. As noted, second "shade" may 
also be utilized to convey this second status as well. 

[0289] The third status conveyed to the operator by the icons in 
the status bar 676 is that the step(s) associated with the 
respective icon has been executed. That is, an indication 
is provided to the operator that performance of this 
step(s) of the apheresis procedure has been completed. 
This third status is conveyed to the operator by displaying 
the associated icon in a third color, such as gray. The cor- 
responding textual description may also be presented in 
this third color as well. As noted, third "shade" may also 
be utilized to convey this third status as well. 

[0290] Based upon the foregoing, it will be appreciated that sig- 
nificant information is conveyed to the operator by merely 



viewing the status bar 676. For instance, the operator is 
provided with a pictorial graphic indicative of the funda- 
mental steps of an apheresis procedure. Moreover, the 
operator is provided with a textual graphic indicative of 
the fundamental steps of an apheresis procedure. Fur- 
thermore, the operator is provided with a desired/re- 
quired order in which these steps should/must be per- 
formed. Finally, the operator is provided with the status of 
the apheresis procedure via the noted three-way color/ 
shade differentiation. 
[0291] The master screen 696, as well all other screens displayed 
to the operator by the interface 660 during an apheresis 
procedure, also include a work area 688. The work area 
688 provides multiple functions. Initially, the work area 
688 displays additional information (pictorially and textu- 
ally in some instances) on performing the apheresis pro- 
cedure to the operator (e.g., certain additional substeps of 
the apheresis procedure, addressing certain "conditions" 
encountered during the apheresis procedure). Moreover, 
the work area 688 also displays additional information on 
the status of the apheresis procedure to the operator. 
Furthermore, the work area 688 also provides for operator 
interaction with the computer interface 660, such as by 



allowing/requiring the operator to input certain informa- 
tion. 

[0292] Continuing to refer to Fig. 26, the work area 688 of the 

master screen 696 displays a load system button 728 and 
a donor/patient info button 780. The operator may touch 
either of these buttons 728, 780 (i.e., since the display 
696 has "touch screen" capabilities) to generate further 
screens for providing information to the operator and/or 
to facilitate the inputting of information to the computer 
interface 660. The operator may initially touch either the 
load system button 728 or the donor/patient info button 
780 at the start of an apheresis procedure. That is, the 
order in which the step(s) associated with the load system 
button 728 are performed in relation to the apheresis 
step(s) associated with the donor/patient info button 780 
are performed is not generally important (i.e., the steps 
associated with the load system button 728 may be per- 
formed before or after the steps associated with the 
donor/patient info button 780). The apheresis procedure 
will be described with regard to the operator electing to 
initially activate the load system button 728 via the touch 
screen feature. 

[0293] However, as described below, it has become more prefer- 



able to perform the donor/patient information step(s) be- 
fore loading the disposable assembly because alternative 
disposable assemblies are now available (see e.g., the al- 
ternative forms of cassette and vessel assemblies in Figs. 
2A, 2B relative to those of Figs. 2C, 2D. Thus, by perform- 
ing the donor information step (Figs 32-36, below) first, a 
selection of which cassette and/or vessel assembly (e.g., 
vessel 325 or 325a of respective Figs 2A, 2B or 2C, 2D) 
might be preferred for a given donor. This option will be 
described further below. 
[0294] whether before or after donor information has been en- 
tered (see description of Figs. 32-36, below), activation of 
the load system button 728 generates a loading proce- 
dure screen 732 on the computer display 664 which is il- 
lustrated in Fig. 27. The loading procedure screen 732 
displays multiple pictorials to the operator in the work 
area 688 which relate to the steps which need to be per- 
formed to prepare the blood component separation device 
6 for an apheresis procedure. Initially, a hang pictorial 
736 is displayed which pictorially conveys to the operator 
that the various bags (e.g., an AC bag(s) (not shown), 
plasma collect bag(s) 94 platelet collect bag(s) 84) need to 
be hung on the blood component separation device 6 and 



generally how this step may be affected by the operator. 
The word "HANG" is also positioned above the hang picto- 
rial 736 to provide a short textual instruction to the oper- 
ator of the required action(s). Consequently, there are two 
different types of graphical representations provided to 
the operator relating to a specific operator action which is 
required to prepare the blood component separation de- 
vice 6 for the apheresis procedure. Moreover, the hang 
pictorial 736 is disposed on the left side of the loading 
procedure screen 732 which indicates that this is the first 
step or substep associated with the load icon 704. In or- 
der to provide further indications of the desired order to 
the operator, the number "1" is also disposed adjacent to 
the word "HANG." 
[0295] a focus color (e.g., yellow) or shade may be used to direct 
the operator's attention to specific areas of the machine 
or screen. The loading procedure screen 732 also displays 
an insert pictorial 740 to the operator in the work area 
688. The insert pictorial 740 pictorially conveys to the op- 
erator that the cassette assembly 110 needs to be 
mounted on the pump/valve/sensor assembly 1000 of the 
blood component separation device 6 and generally how 
this step may be affected by the operator. The word "IN- 



SERT" is also positioned above the insert pictorial 740 to 
provide a short textual instruction to the operator of the 
required action(s). The insert pictorial 740 is also posi- 
tioned to the right of the hang pictorial 736 to indicate to 
the operator that it is preferred, although not required, to 
perform the step(s) associated with the insert pictorial 
740 after the step(s) associated with the hang pictorial 
736 have been completed. In order to provide further in- 
dications of the desired order to the operator, the number 
"2" is also disposed adjacent to the word "INSERT." The 
loading procedure screen 732 also displays a load picto- 
rial 744 to the operator in the work area 688. The load 
pictorial 744 pictorially conveys to the operator that the 
blood processing vessel 352 needs to be loaded into the 
channel 208 of the channel housing 204 on the centrifuge 
rotor assembly 568 and generally how this step may be 
affected by the operator. The word "LOAD" is also posi- 
tioned above the load pictorial 744 to provide a short tex- 
tual instruction to the operator of the required action(s). 
The load pictorial 744 is also positioned to the right of the 
insert pictorial 740 to indicate to the operator that it is 
preferred, although not required, to perform the step(s) 
associated with the load pictorial 744 after the step(s) as- 



sociated with the insert pictorial 740 have been com- 
pleted. In order to provide further indications of the de- 
sired order to the operator, the number "3" is also dis- 
posed adjacent to the word "LOAD." 
[0296] Finally, the loading procedure screen 732 displays a close 
pictorial 748. The close pictorial 748 pictorially conveys to 
the operator that the door of the blood component collec- 
tion device housing the centrifuge rotor assembly 568 
needs to be closed and generally how this step may be af- 
fected by the operator. The word "CLOSE" is also posi- 
tioned above the close pictorial 748 to provide a short 
textual instruction to the operator of the required ac- 
tion(s). The close pictorial 748 is also positioned to the 
right of the load pictorial 744 to indicate to the operator 
that it is required to perform the step(s) associated with 
the close pictorial 748 after the step(s) associated with the 
load pictorial 744 have been completed. In order to pro- 
vide further indications of the desired order to the opera- 
tor, the number "4" is also disposed adjacent to the word 
"CLOSE." 

[0297] | n summary, the work area 688 of the loading procedure 
screen 732 not only conveys to the operator what type of 
steps must be performed for this aspect of the apheresis 



procedure and generally how to perform these steps, the 
work area 688 of the loading procedure screen 732 also 
specifies the order in which these steps should be per- 
formed by two "methods." Initially, the pictorial graphics 
736, 740, 744 and 748 are sequentially displayed in left- 
to-right fashion to specify the desired/required order of 
performance. Moreover, the four steps are also numeri- 
cally identified next to their associated one-word textual 
description. 

[0298] | n the event that the operator requires additional guidance 
with regard to any of the steps presented on the loading 
procedure screen 732, the operator may touch the help 
button 692 provided on the loading procedure screen 
732. This may display a menu of screens which the opera- 
tor may view and/or may sequentially present a number of 
help screens associated with the loading procedure screen 
732. Fig. 28 illustrates a help screen 764 which relates to 
the loading of the blood processing vessel 352 into the 
channel 208 on the channel housing 204. Note that in the 
case of the help screen 764 the upper portion of the work 
area 688 of the loading procedure screen 732 is retained 
(i.e., the one word textual descriptions of the four basic 
steps and the associated numerical ordering identifier). 



Moreover, the help screen 764 provides the operator with 
more detail, in the nature of additional pictorials, regard- 
ing one or more aspects of the particular step(s) or sub- 
step or in this case on the loading of the blood processing 
vessel 352 in the channel 208. Once the operator exits the 
help screen 764 via touching the continue button 752 on 
the help screen 764, the operator is returned to the load- 
ing procedure screen 732 of Fig. 27. Various other 
screens in the graphics interface 660 may include a help 
button 692 to provide this type of feature. 
[0299] when the operator has completed each of the four steps 
or substeps presented on the loading procedure screen 
732, the operator touches the continue button 752 on the 
bottom of the loading procedure screen 732. In the event 
that during the time in which the operator is performing 
the steps or substeps associated with the loading proce- 
dure screen 732 the operator wants to return to the begin 
operations screen 696, the operator may touch the display 
screen 664 in the area of the return button 756. The re- 
turn button 756 may be provided on various of the 
screens to return the operator to the previous screen 
when acceptable. Moreover, in the event that during the 
time in which the operator is performing the steps or sub- 



steps associated with the loading procedure screen 732 
the operator wants to terminate the loading procedure, 
the operator may touch the display screen 664 in the area 
of the exit load or cancel button 760. The exit load or 
cancel button 760 may be provided on various of the 
other screens to provide the operator with the option to 
exit the loading procedure where appropriate. 
[0300] when the operator touches the continue button 752 on 
the loading procedure screen 732, a disposable pressure 
test screen 768 is produced on the display 664, one em- 
bodiment of which is illustrated in Fig. 29. Generally, the 
disposable pressure test screen 768 pictorially conveys to 
the operator that certain steps must be undertaken to al- 
low for pressure testing of the disposable set 8 and how 
this may be affected by the operator. In this regard, a 
donor/patient access line clamp pictorial 769 pictorially 
conveys to the operator that the blood removal/return 
tubing assembly 20, specifically the interconnect tubing 
38, to the donor/patient 4 must be sealed off. A donor/ 
patient sample line clamp pictorial 770 pictorially conveys 
to the operator that the sample line of the sample sub- 
assembly 46 must also be sealed off as well. When the 
operator has completed these steps, the operator touches 



the continue button 752 and a test in progress screen 772 
is displayed to the operator to pictorially and textually 
convey to the operator that the testing procedure is un- 
derway and such is illustrated in Fig. 30. 

[0301] After the pressure test of the disposable set 8 is complete, 
an AC interconnect screen 776 is produced on the display 
664 and one embodiment of which is illustrated in Fig. 31. 
The AC interconnect screen 776 pictorially conveys to the 
operator that the anticoagulant tubing assembly 50, 
specifically the spike drip member 52, of the extracorpo- 
real tubing circuit 10 needs to be fluidly interconnected 
with the AC bag (not shown), as well as generally how this 
step may be affected by the operator. When this step has 
been completed by the operator, the operator touches the 
continue button 752 on the display 664. 

[0302] The AC interconnect is the last of the steps associated 

with the load icon 704 such that the operator is returned 
to the master screen 696. The master screen 696 now re- 
flects the current status of the apheresis procedure and is 
illustrated in Fig. 32. That is, the color or shade of the 
load icon 704 is changed from the second color/shade to 
the third color/shade to that which indicates that all steps 
associated with the load icon 704 have been completed by 



the operator. Moreover, a status check 730 appears on the 
load system button 728 in the work area 688 as well. The 
load system button 728 is grayed out for the duration of 
the procedure and thus indicates that the system setup 
may not be repeated. Consequently, two different types of 
indications are provided to the operator of the current 
status regarding the loading procedure. The change in 
status of the donor/patient data entry portion of the 
apheresis procedure is also updated by presenting the in- 
formation icon 708 in the status bar 676 in the second 
color/shade which indicates to the operator that it is now 
appropriate to begin this aspect of the apheresis proce- 
dure. 

[0303] whether after loading the disposable assembly as just de- 
scribed, or prior thereto, as mentioned above as preferred 
herein, the operator may then enter donor information to 
assist in determining which products will be the subject of 
this donation. The operator enters the information entry 
portion of the apheresis procedure by touching the info 
button 780 on the display 664 of the master screen 696. 
This produces a donor/patient data screen 788 on the 
display 664, one embodiment of which is illustrated in 
Fig. 33. The donor/patient data screen 788 which includes 



a sex-type button 792, a height button 796, and a weight 
button 808. The operator may indicate the sex of the 
donor/patient 4 by touching the relevant portion of the 
split sex-type button 792 and the selected sex may be 
displayed to the operator (e.g., via color differentiation). 
Moreover, the operator may enter the height and weight 
of the donor/patient 4 by touching the height button 796 
and the weight button 808, respectively. When the height 
button 796 and weight button 808 are engaged by the 
operator, a keypad 804 is superimposed over the button 
whose information is to be entered as illustrated in Fig. 
34. The keypad 804 may be used to enter the height and 
weight of the donor/patient 4 and this information may 
also be displayed to the operator. 
[0304] The information entered by the operator on the donor/ 
patient data screen 788 is used to calculate, for instance, 
the total blood volume of the donor/patient 4 which is 
presented in a total blood volume display 790 on the 
donor/patient data screen 788. The total blood volume of 
the donor/patient 4 may be utilized in the determination 
of various parameters associated with the apheresis pro- 
cedure and/or in the estimation of the number and types 
of blood components which are anticipated to be collected 



in the procedure. When the operator has completed these 
data entry procedures, the operator touches the continue 
button 752 which will be displayed on the bottom of the 
donor/patient data screen 788 after all requested infor- 
mation has been input. 

[0305] a lab data entry screen 810 may also be generated on the 
computer display 664 after the steps associated with the 
donor/patient data screen 788 have been completed and 
as indicated by the operator, one embodiment of which is 
illustrated in Fig. 35. The lab data entry screen 810 re- 
quests the operator to enter the time for the collection 
procedure by touching a donation time button 840 which 
results in the keypad 804 being superimposed over the 
donation time button 832 (not shown). The donation time 
entered by the operator will be displayed on a time display 
860, which specifies the duration for the procedure. 
Moreover, the donation time entered by the operator may 
also be displayed on the donation time button 840. The 
donation time is used, for instance, in the prediction of 
the number of the blood component(s) (e.g., red blood 
cells, platelets, and/or plasma) which are anticipated to be 
collected during the procedure. 

[0306] The lab data screen 810 also prompts the operator to en- 



ter the hematocrit of the donor/patient 4 by touching a 
hematocrit button 842. This results in the keypad 804 be- 
ing superimposed over the hematocrit button 842. The 
operator may then enter the hematocrit of the donor/pa- 
tient 4 (e.g., as determined via laboratory analysis of a 
blood sample from the donor/patient 4) and such may be 
displayed on the hematocrit button 842. The hematocrit 
of the donor/patient 4 is also utilized by one or more as- 
pects of the apheresis procedure. 

[0307] The lab data screen 810 also prompts the operator to en- 
ter the platelet precount of the donor/patient 4 by touch- 
ing a platelet precount button 843. This results in the 
keypad 804 being superimposed over the platelet pre- 
count button 843. The operator may then enter the 
platelet precount of the donor/patient 4 (e.g., as deter- 
mined via laboratory analysis of a blood sample from the 
donor/patient 4) and such may be displayed on the 
platelet precount button 843. The platelet precount of the 
donor/patient 4 is also utilized by one or more aspects of 
the apheresis procedure. 

[0308] once the operator has entered all of the requested infor- 
mation, the operator touches the continue button 752 
which then displays a procedure listing (not shown) de- 



picting which donation procedures this donor is qualified 
to undergo, and hence which blood component product or 
products this donor may donate. Preferably, such a listing 
will present preferred donation options (configurable by 
the blood center), such as blood center preferences and/ 
or prioritizations for particular products (e.g., platelet 
products first, RBCs second; or vice versa), including 
whether double products may be favored. Then, if a par- 
ticular donor is qualified to give certain products (as de- 
termined by the machine 6 based upon the donor infor- 
mation entered as just described), then this listing will so 
indicate with the preferences also presented. Moreover, 
other procedures may also be listed with information such 
as whether such procedures may not be qualified for this 
particular donor no matter the circumstances, or perhaps 
certain other procedures may be listed with indications 
that certain further products might be qualified if certain 
variable information were changeable (e.g., if more time 
were allowed for a procedure). Thus, such procedures may 
then indicate to the operator to return to screen 810 and 
change the variable information (e.g., allot more time) to 
then qualify that particular procedure. Also alternatively, 
certain procedures may be indicated as available if a cer- 



tain amount of replacement fluid would be used with a 
tubing set according to the embodiment of Figs. 2C-2D, 
for example. Thus, a selection of which tubing set to be 
used will also be alternatively available at this point in the 
overall procedure. Then, when all such selections 
(procedure (including priority and/or variable changes, if 
any) and tubing set, e.g.) are made, the operator can then 
continue to the next step; preferably loading the chosen 
tubing set on the machine 6 in the fashion described 
above (see description relative to Figs. 26-31). 
[0309] Then, a further continue button touch (not shown) may 
then return the operator to the master screen 696 which 
now reflects the current status of the apheresis procedure 
and as illustrated in Fig. Since all of the steps associated 
with the information icon 708 have now been completed, 
the color/shade of the information icon 708 is changed 
from the second color/shade to the third color/shade to 
convey to the operator that all associated steps have been 
completed. Moreover, a status check 784 appears on the 
donor/patient info button 780 in the work area 688 as 
well. Consequently, two different types of indications are 
provided to the operator of the current status of this as- 
pect of the apheresis procedure. Moreover, the change in 



status of the collection icon set 712 of the apheresis pro- 
cedure is updated by changing the color/shade of the 
donor/patient prep icon 716 in the status bar 676 from 
the first color/shade to the second color/shade. A run 
button 802 is also now presented on the master screen 
696 such that the steps associated with the collection icon 
set 712 may now be undertaken and further such that 
pictorial representations of the same may be provided to 
the operator. 

[0310] The initial screen for steps associated with the collection 
icon set 712 is a donor/ patient prep screen 812A which 
is illustrated in Fig. 37. The donor/patient prep screen 
812A pictorially conveys to the operator the steps which 
must be undertaken in relation to the donor/patient 4 be- 
ing fluidly interconnected with the blood component sep- 
aration device. Initially, a donor/patient connect pictorial 
816 is displayed which pictorially conveys to the operator 
that an access needle 32 must be installed on the donor/ 
patient 4, as well as generally how this step may be af- 
fected by the operator. The word "CONNECT" is also posi- 
tioned above the donor/patient connect pictorial 816 to 
provide a short textual instruction to the operator of the 
required action(s). The donor/patient connect pictorial 



816 is disposed on the left side of the donor/patient prep 
screen 812A which indicates that this is the first step or 
substep associated with the donor/patient prep icon 716. 
In order to provide further indications of the desired order 
to the operator, the number "1" is also disposed adjacent 
the word "CONNECT." 

[0311] The donor/patient prep screen 812A also displays an 

open pictorial 820 on the display 664. The open pictorial 
820 pictorially conveys to the operator that the clamps 42 
in the interconnect tubing 38 and the clamp in the tubing 
of the sample subassembly 46 must be removed, as well 
as generally how these steps may be affected by the oper- 
ator. The word "OPEN" is also positioned above the open 
flow pictorial 820 to provide a short textual instruction to 
the operator of the required action(s). The open pictorial 
820 is disposed to the right of the donor/patient connect 
pictorial 816 which indicates that the step(s) associated 
with the open pictorial 820 should be performed only af- 
ter the step(s) associated with the donor/patient connect 
pictorial 816 have been completed. In order to provide 
further indications of the desired order to the operator, 
the number "2" is also disposed adjacent the word "OPEN." 

[0312] The donor/patient prep screen 812A also displays a flow 



pictorial 824 on the display 664. The flow pictorial 824 
pictorially conveys to the operator that there should now 
be a flow of blood from the donor/patient 4 into the 
blood removal /return tubing assembly 20, specifically the 
blood removal tubing 22, and in the sample tubing of the 
sample subassembly 46. The word "FLOW" is also posi- 
tioned above the flow pictorial 824 to provide a short tex- 
tual description to the operator of what should be occur- 
ring at this time. The flow pictorial 824 is disposed to the 
right of the open pictorial which indicates that the condi- 
tions associated with the flow pictorial 824 should occur 
only after the step(s) associated with the open pictorial 
820 have been completed. In order to provide further in- 
dications of the desired order to the operator, the number 
"3" is also disposed adjacent the word "FLOW." 
[0313] | n summary, the work area 688 of the donor/patient prep 
screen 812A not only conveys to the operator what type of 
steps must be performed for this aspect of the apheresis 
procedure and how to generally perform these steps, but 
also specifies the order in which these steps should be 
performed by two methods. Initially, the pictorial graphics 
816, 820, and 824 are sequentially displayed in left- 
to-right fashion. Moreover, the three steps are also nu- 



merically identified next to their associated one-word 
textual description. 

[0314] Once the operator completes all of the steps associated 
with the donor/patient prep screen 812A, the operator 
touches the continue button 752 which results in the dis- 
play of a second donor/patient prep screen 812B as illus- 
trated in Fig. 38. The donor/patient prep screen 812B in- 
cludes a close pictorial 828 which pictorially conveys to 
the operator to terminate the flow of blood from the 
donor/patient 4 to the sample bag of the sample sub- 
assembly 46 by clamping the sample line and generally 
how this step may be affected by the operator. The word 
"CLOSE" is also positioned above the close pictorial 828 to 
provide a short textual instruction to the operator of the 
required action(s). The close pictorial 828 is disposed on 
the left side of the donor/patient prep screen 812B which 
indicates that this is the first step or substep associated 
with the donor/patient prep screen In order to provide an 
indication that this is in fact, however, the fourth step as- 
sociated with the donor/patient preps, the number "4" is 
also disposed adjacent the word "CLOSE." 

[0315] The donor/patient prep screen 812B also displays a seal 
pictorial 832 on the display 664. The seal flow pictorial 



832 pictorially conveys to the operator that the sample 
line of the sample subassembly 46 should now be sealed 
off and generally how this step may be affected by the 
operator. The word "SEAL" is also positioned above the 
seal pictorial 832 to provide a short textual instruction to 
the operator of the required action(s). The seal pictorial 
832 is disposed to the right of the close pictorial 828 
which indicates that the step(s) associated with the seal 
pictorial 832 should be performed only after the step(s) 
associated with the close pictorial 828 have been com- 
pleted. In order to provide further indications of the de- 
sired order to the operator, the number "5" is also dis- 
posed adjacent the word "SEAL" to indicate that this is ac- 
tually the fifth step associated with the donor/patient 
preps. 

[0316] | n summary, the work area 688 of the donor/patient prep 
screen 812B not only conveys to the operator what type of 
steps must be performed for this aspect of the apheresis 
procedure and how to generally perform these steps, the 
work area 688 of the donor/patient prep screen 812B also 
specifies the order in which these steps should be per- 
formed by two methods. Initially, the pictorials 828, 832, 
and 836 are sequentially displayed in left-to-right fash- 



ion. Moreover, the four steps are also numerically identi- 
fied next to their associated one-word textual description. 
[0317] Once the operator completes all of the donor/patient 

preps, the operator may touch the start prime button 846 
on the donor/patient prep screen 812B which initiates the 
above-described blood prime of the extracorporeal tubing 
circuit 10 and blood processing vessel 352 and which re- 
sults in the display of the run screen 844 illustrated in Fig. 
39. The run screen 844 primarily displays information to 
the operator regarding the apheresis procedure. For in- 
stance, the run screen 844 includes a blood pressure dis- 
play 848 (i.e., to convey to the operator the donor/pa- 
tient's extracorporeal blood pressure), a platelet collect 
display 852 (i.e., to convey to the operator an estimate of 
the number of platelets which have been currently col- 
lected), a plasma collect display 856 (i.e., to convey to the 
operator the amount of plasma which has been currently 
collected), and a time display 860 (e.g., both the amount 
of time which has lapsed since the start of the collection 
procedure (the left bar graph and noted time), as well as 
the amount of time remaining in the collection procedure 
(the right bar graph and noted time). A control button (not 
shown) may be provided to toggle between the time re- 



maining display and the start and stop time display. 
[0318] The run screen 844 may also display, in the case of a sin- 
gle needle procedure (i.e., where only one needle is uti- 
lized to fluidly interconnect the donor/patient 4 with the 
blood component separation device 6), whether blood is 
being withdrawn from the donor/patient 4 (e.g., by dis- 
playing "draw in progress") or is being returned to the 
donor/patient 4 (e.g., by displaying "return in progress"). 
This information may be useful to the donor/patient 4 in 
that if the donor/patient 4 is attempting to maintain a 
certain blood pressure by squeezing an article to assist in 
removal of blood from the donor/patient 4, the donor/ 
patient 4 will be provided with an indication to suspend 
these actions while blood is being returned to the donor/ 
patient 4. 

[0319] During the apheresis procedure, certain conditions may 

be detected by the apheresis system 2 which would bene- 
fit from an investigation by the operator. If one of these 
types of conditions is detected, an appropriate alarm 
screen is displayed to the operator. One embodiment of 
an alarm screen 864 is illustrated in Fig. 40. Initially, the 
alarm screen 864 textually conveys a potential problem 
with the system 2 via a problem graphic 868. The text 



may be useful in ensuring that the operator understands 
the problem. The alarm screen 864 also includes an action 
pictorial 872 which graphically conveys to the operator 
the action which should be taken in relation to the prob- 
lem. These are actions which may be difficult or impossi- 
ble for the system 2 to take itself. Finally, the alarm 
screen includes an inspection results array 876 which al- 
lows the operator to indicate the results of the inspection. 
In the illustrated embodiment, the array 876 includes a 
blood leak button 906, a moisture button 908, and a no 
leak button 910. 
[0320] Depending upon the selection made by the operator on 
the inspection results array additional questions may be 
posed to the operator in further screens which require 
further investigation and/or which specify the desired re- 
medial action. For instance, the supplemental alarm 
screen 878 of Fig. 41 may be generated by the operator 
touching the moisture button 908 on the alarm screen 
864. The supplemental alarm screen 878 includes a reme- 
dial action pictorial 912 and remedial action text 914 to 
convey to the operator how to correct the identified prob- 
lem. 

[0321] The computer interface 660 may also allow the operator 



to initiate some type of corrective action based upon ob- 
servations made by and/or conveyed to the operator. For 
instance, various screens of the interface 660 may include 
a trouble shooting button 898 which will generate one or 
more trouble shooting screens. These trouble shooting 
screens may include menus or the like to allow the opera- 
tor to indicate what type of potential problem exists. 

[0322] one embodiment of a trouble shooting screen 880 is pre- 
sented in Fig. 42. The trouble shooting screen 880 in- 
cludes a donor/patient tingling button 922. This button 
922 would be utilized by the operator to attempt to rem- 
edy the effects of AC on the donor/ patient 4 in response 
to the donor/patient indicating a "tingling sensation" or, 
alternatively "AC reaction." When the operator hits the 
"down arrow" of the donor/patient tingling button 922, 
the system 2 attempts to correct the condition in a prede- 
termined manner (i.e., a predetermined protocol is em- 
ployed preferably this protocol does not require operator 
actions or decisions). Once the tingling sensation no 
longer exists, the operator may use the "up arrow" button 
to return the bar on the donor/patient tingling button 922 
to its original position. 

[0323] The trouble shooting screen 880 also includes a clumping 



button 924. This button 924 would be utilized by the op- 
erator if any undesired clumping of the collected product 
(e.g., platelets) was observed. When the operator hits the 
"down arrow" of the clumping button 924, the system 2 
attempts to correct the condition in a predetermined 
manner (i.e., a predetermined protocol is employed and 
preferably this protocol does not require operator actions 
or decisions). Once the clumping is no longer observed by 
the operator, the operator may use the "up arrow" button 
to return the bar on the clumping button 924 to its origi- 
nal position. 

[0324] The trouble shooting screen 880 may also include a 
spillover button 916 and an "air in plasma line" button 
918. The spillover button 916 would be engaged by the 
operator if red blood cells were observed in the platelet 
outlet tubing 66, in the platelet collect bag 84, and/or 
flowing beyond the RBC dam 232. Activation of the 
spillover button 916 via the touch screen capabilities 
would result in the system 2 using a predetermined and 
preferably automatic protocol is performed by the system 
2 to correct this condition. Similarly, if the operator ob- 
serves air in the plasma line 918 and engages the button 
918, the system 2 again will preferably automatically em- 



ploy a predetermined protocol to correct this condition. 

[0325] The "other problem button" 920 may be utilized to gener- 
ate further trouble shooting screens to list further prob- 
lems which may occur in the apheresis procedure. Again, 
preferably upon the operator touching the associated but- 
ton indicative of a particular problem, a predetermined 
protocol will be preferably automatically employed to at- 
tempt to correct the same. 

[0326] upon completion of the collection portion of the apheresis 
procedure, the rinseback screen 884 is produced on the 
display 664 which indicates that the rinseback procedure 
will now be performed and which is illustrated in Fig. 44. 
Once the rinseback is completed, the color/shade of the 
donate icon 720 changes from the second color to the 
third color/shade to indicate that all steps associated with 
this aspect of the apheresis procedure have been com- 
pleted. Moreover, the color/shade of the unload icon 724 
will also change from the first color/shade to the second 
color/shade to indicate to the operator that the step(s) as- 
sociated therewith may now be performed. 

[0327] upon completion of the rinseback, a run finish screen may 
be produced on the display 664 to provide the final col- 
lection data as illustrated in Fig. 43 (e.g., the associated 



yields of platelets and plasma collected during the proce- 
dure) as well as the fact that the procedure is over (e.g., 
by displaying "run completed"). The operator may then 
touch the continue button 752. 
[0328] once the rinseback procedure is completed, an unload 

screen 892 will be presented on the display 664 and is il- 
lustrated in Fig. 45. The unload screen 892 may sequen- 
tially display a number of pictorials to the operator to 
convey the steps which should be completed to terminate 
the procedure. For instance, a seal/detach pictorial 900 
may be initially displayed on the unload screen 892 to 
pictorially convey to the operator that the tubes leading to 
the platelet, plasma and/or RBC collect bag(s) 84, 94 and 
954 should each be sealed such that the platelet, plasma 
and/or RBC collect bag(s) 84, 94 and 954 respectively, 
may be removed. Once the operator touches the continue 
button 752, a disconnect pictorial 902 may be presented 
on the unload screen 892 to pictorially convey to the op- 
erator that the access needle 32 should be removed from 
the donor/patient 4. Once the operator touches the con- 
tinue button 752, a remove pictorial 904 is presented on 
the unload screen 892 to pictorially convey to the opera- 
tor that the disposable set 8 should be removed from the 



blood component separation device 6 and disposed of 
properly. 

[0329] The computer interface 660 provides a number of advan- 
tages. For instance, the computer interface 660 utilizes a 
three-way color/shade differentiation to conveniently 
convey the status of the apheresis procedure to the oper- 
ator. An icon is presented in one color/shade if the step(s) 
associated with the icon are not yet ready to be per- 
formed, while the icon is presented in another color/ 
shade if the step(s) associated with the icon are ready to 
be performed or are being performed, while the icon is 
presented in yet another color/shade if the step(s) associ- 
ated with the icon have been completed. Moreover, the 
computer interface 660 provides pictorials to the operator 
of at least certain of the steps of the apheresis procedure. 
Furthermore, the desired/required ordering of at least the 
fundamental steps of the apheresis procedure is conveyed 
to the operator. Finally, the interface 660 allows for cor- 
rection of certain conditions, which after appropriate op- 
erator input, are remedied by the system 2 in accordance 
with a predetermined protocol. 

[0330] The foregoing description of the present invention has 
been presented for purposes of illustration and descrip- 



tion. Furthermore, the description is not intended to limit 
the invention to the form disclosed herein. Consequently, 
variations and modifications commensurate with the 
above teachings, and skill and knowledge of the relevant 
art, are within the scope of the present invention. The 
embodiments described hereinabove are further intended 
to explain best modes known of practicing the invention 
and to enable others skilled in the art to utilize the inven- 
tion in such, or other embodiments and with various 
modifications required by the particular application(s) or 
use(s) of the present invention. It is intended that the ap- 
pended claims be construed to include alternative embod- 
iments to the extent permitted by the prior art. 



